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Chemical  Company) 


A  REVISED  AND  IMPROVED  METHOD  OF  ACCURATELY 

DETERMINING  ARSENIC— BASED  ON  THE 

GUTZEIT  TEST 

By  Walter  S.  Allen  and  Ralph  M.  Palmer 
Laurel  Hill,  N.  Y. 


INTRODUCTION 

As  a  works  control  method  for  the  quantitative  estimation  of 
small  amounts  of  arsenic  the  Marsh  test  is  obsolete;  it  is  too  tedious 
and  too  expensive.  Hence  has  arisen  the  insistent  demand  for 
a  rapid,  accurate  method,  easy  of  manipulation. 

The  Gutzeit  method,  as  a  quantitative  method,  was  tried  in 
England  after  the  epidemic  in  1900  of  arsenical  poisoning  from 
beer,  but  without  much  success.  The  first  successful  working 
out  of  the  conditions  necessary  for  a  quantitative  determination 
by  this  method  appears  to  have  been  done  by  Sanger  and  Black^ 
and  published  by  them  in  1907.  Their  studies  showed  that  the 
Gutzeit  "reaction  can  be  made  the  basis  of  a  simple  and  fairly 
accurate  quantitative  method,  with  no  more  than  ordinary  an- 
alytical precautions."  Since  the  publication  of  the  results  of 
these  researches  the  Gutzeit  method  has  rapidly  come  into  favor 
and  has  been  used  as  a  standard  quantitative  method  in  the  lab- 
oratories of  the  General  Chemical  Company  for  four  years. 

INFLUENCE   OF   IRON   ON   THE   ESTIMATION   OF   ARSENIC 

Literature.  In  the  course  of  our  investigations  of  certain  phases 
of  this  method  some  very  interesting  phenomena  were  observed 
which  have  a  very  important  bearing  upon  its  accuracy  as  a  quan- 
titative method.  These  phenomena  have  to  do  principally  with 
the  effect  of  iron,  both  when  present  as  ferrous  and  ferric  com- 

iJ.  S.  C.  I.  26,  1115. 
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pounds.  The  effect  of  iron  on  the  evolution  of  arsine  has  been 
looked  upon  both  as  beneficial  and  as  injurious.  A.  H.  Allen^ 
recommends  that  zinc  should  contain  a  trace  of  iron  in  order  that 
hydrogen  may  be  regularly  evolved.  Gautier^  precipitates  the 
arsenic  with  ferric  hydroxide  and  adds  the  solution  of  this  pre- 
cipitate, containing  about  .1  gram  iron,  directly  to  the  Marsh 
generator.  Lockemann^  made  use  of  the  same  procedure,  al- 
though he  preferred  to  precipitate  the  arsenic  with  alumina  in- 
stead of  ferric  hydrate. 

On  the  other  hand  several  investigators  (*"^)  have  shown  by 
experiment  that  when  iron  is  present  in  the  Marsh  apparatus 
the  arsenic  is  incompletely  evolved  as  arsine.  In  the  experiments 
carried  out  by  Parsons  &  Stewart^  however,  apparently  the  iron 
was  always  present  in  the  Marsh  apparatus  in  the  form  of  ferric 
salts.  Harkins^  has  shown  further  that  the  retentive  effect  of 
iron  may  be  overcome  either  by  heating  the  generator  or  by 
adding  to  the  solution  a  salt  of  tin,  cadmium,  lead,  or  bismuth. 
Of  these  four  metals  stannous  chloride  was  found  to  give  the 
best  results  in  all  cases.  The  beneficial  effect  of  stannous  chlo- 
ride and  of  the  three  other  metals  above  considered  in  increasing 
the  "activity"  of  the  zinc  is  explained  by  Harkins^  as  due,  in 
part  at  least,  to  the  difference  in  excess  potential  between  zinc 
and  tin  on  the  one  hand  and  iron  on  the  other.  It  is  his  belief^ 
that  the  metals  of  high  excess  potential,  such  as  zinc,  tin,  lead 
and  cadmium,  are  all  favorable  to  the  reduction  of  arsenic  com- 
pounds, while  those  with  low  excess — such  as  iron  and  platinum — 
are  unfavorable. 

RESULTS  OF  INVESTIGATION  OP  THE  EFFECT  OF  IRON 

Before  the  above  explanation  of  the  retarding  effect  of  iron  on 
the  evolution  of  arsine  had  been  brought  to  our  attention,  we  had 
ascertained  beyond  question  the  very  serious  effect  of  iron — 

ij.  S.  C.  I.  21,  94  (1902). 

Compt.  rend.  137,  158-63.     Bull.  Soc.  chim.      29,  859-863. 

»Zeit.  Angew.  Chemie,  18,  416  (1905). 

♦Parsons  &  Stewart,  J.  Am.  Chem.  Soc.  24,  1005  (1902). 

'W.  D.  Harkins,  J.  Am.  Chem.  Soc.  32,  518  (1910). 

6loc.  cit. 

'See  also  Chapman  &  Law,  Analyst,  31,  3  (1906). 
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especially  ferric  salts — on  the  evolution  of  arsine  in  the  Gutzeit 
method.  A  thorough  investigation  of  this  whole  subject  has 
convinced  us  that  correct  results  with  the  Gutzeit  method  can 
be  obtained  only  by  observing  certain  conditions. 

Briefly  stated — in  order  to  obtain  with  zinc  and  acid  a  proper 
rate  of  evolution  of  hydrogen,  and  arsine,  iron  and  tin  salts  must 
both  be  present,  the  former  entirely  in  the  ferrous  condition  at 
the  time  the  test  is  started.  We  agree  with  Parsons  and  Stewart 
in  acknowledging  the  very  injurious  effect  of  ferric  salts,  and  with 
Harkins  in  requiring  the  addition  of  SnCl2,  and  we  claim  further 
that  iron  is  not  to  be  looked  upon  as  an  objectionable  impurity 
but  that,  in  the  ferrous  form,  it  plays  an  indispensable  part  in 
Marsh  or  Gutzeit  procedure. 

The  following  method  embodies  the  principles  enumerated 
above;  it  has  been  found  to  give  entire  satisfaction  in  the  lab- 
oratories of  the  General  Chemical  Company  after  several  months 
of  continual  use. 

METHOD    FOR    ESTIMATING    TRACES    OF    ARSENIC    BY    THE 
GUTZEIT    TEST 

A.  General  Considerations.  For  a  successful  estimation  of  small 
amounts  of  arsenic  by  this  method  the  following  considerations 
must  be  carefully  borne  in  mind: 

1.  The  rate  of  evolution  of  arsine  is  of  the  greatest  importance; 
this  rate  of  evolution  of  arsine  does  not  depend  necessarily  upon 
the  rate  of  evolution  of  hydrogen.  (For  example,  platinic  chloride 
accelerates  the  evolution  of  hydrogen  but  the  platinum  prevents 
the  reduction  of  arsenic  compounds  to  arsine^) 

2.  Pure  zinc  and  acid  react  slowly.  For  a  proper  reduction 
to  arsine  is  required  the  presence  of  zinc,  another  metal  of  high 
excess  potential  (tin  in  the  form  of  SnCU)  and  ferrous  iron  (a 
metal  of  very  low  excess  potential).  The  stain  produced  when 
arsenic,  tin,  and  ferrous  iron  are  present  is  always  longer  than 
when  ferrous  salts  are  absent. 

3.  Ferrous  iron  should,  moreover,  always  be  present  in  about 
the  same  amount.  It  should  be  added  to  samples  which  contain 
no  iron,  and  to  known  amounts  of  arsenic  used  in  preparing  stand- 

^Harkins — loc.    cit. 
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ard   stains.     A  good  working   amount   is  .05  =.10   gram   FeO- 

4.  The  amount  of  acid  and  zinc  used  should  be  so  regulated 
as  to  give  a  uniform  evolution  in  all  cases.  In  the  analysis  of 
neutral  salts,  particularly,  there  is  a  certain  amount  of  inhibition 
caused  by  the  presence  of  a  good  deal  of  sodium  or  similar  com- 
pounds; to  counteract  this  inhibition  the  amount  of  acid  and  zinc 
used  should  be  increased. 

5.  By  observing  these  precautions  all  the  arsenic  is  evolved 
in  thirty  minutes,  and  standards  and  samples  are  run  under  sim- 
ilar conditions. 

B.  Preparation  of  Sample  for  Analysis.  The  following  obser- 
vations must  be  borne  in  mind  in  preparing  the  sample  for  the 
arsenic  determination: 

1.  Sulphides,  sulphites,  thiosulphates,  and  other  compounds 
which  liberate  H2S  or  SO2  when  treated  with  H2SO4  must  be  ox- 
idized by  some  arsenic  free  oxidizing  agent  before  introducing 
into  the  apparatus. 

2.  Nitric  acid,  free  chlorine,  bromine,  or  iodine  must  be  removed 
by  evaporation,  boiling,  or  some  other  effective  procedure,  before 
the  test  is  started.  Iodic  acid  should  also  be  reduced  to  iodine 
and  removed  by  boiling. 

3.  Difficultly  soluble  compounds,  i.e.  ferric  oxide,  clays  and 
other  raw  materials  for  making  aluminum  compounds,  phosphate 
rock,  ores,  etc.  must  be  decomposed  by  preliminary  fusion  with 
As-free  KESO4  or  by  solution  in  aqua  regia  as  the  case  may 
require. 

4.  Starch  should  be  converted  to  dextrose  or  maltose  by  gently 
boiling  with  dilute  HCl. 

5.  When  iron  is  absent  an  equivalent  of  .05  =  10.  gram  Fe203 
should  be  added  to  the  sample;  for  this  purpose  a  solution  of 
arsenic  free  ferric  ammonium  alum  is  advantageous. 

After  the  required  preliminary  treatment,  as  above  indicated, 
for  the  solution  of  the  sample  the  ferric  compounds  must  be  next 
completely  reduced  to  ferrous.  For  this  purpose  ^  cc.  SnCla 
(80%)  is  added^  and  the  mixture  boiled  gently  until  colorless; 
as  ferric  compounds  are  reduced  more  rapidly  in  the  presence  of 
HCl  than  in  H2SO4  alone,  it  is  advisable  to  have  present  1  gram 

'SnCli  also  reduces  arsenic  to  arsenious  compounds. 
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NaCl.  or  its  equivalent  in  grams  of  As-free  HCl.  After  reduction 
the  sample  is  cooled  and  is  transferred  to  the  Gutzeit  apparatus. 
At  this  point  the  total  voliune  should  not  be  more  than  40  cc. 
or  50  cc. 

C.  Apparatus.  The  accompanying  diagram  shows  the  form 
and  dimensions  of  the  apparatus.  (A)  is  a  wide-mouth  bottle  of 
about  60  cc.  capacity.  Through  a  No.  4  one-hole  rubber  stopper 
is  inserted  a  glass  tube  (B)  7  cm.  long  and  1.25  cm.  in  diameter, 
constricted  at  the  lower  end  so  as  to  pass  easily  through  a  hole 
in  the  stopper.  Through  a  No.  00  one-hole  rubber  stopper  in 
the  upper  end  of  the  tube  (B)  is  inserted  a  second  similar  tube 
(E)  of  the  same  diameter  but  only  4  cm.  long.  Finally  through 
another  No.  00  one-hole  rubber  stopper  in  the  upper  end  of  the 
second  tube  is  inserted  a  glass  tube  (C)  4  mm.  inside  diameter, 
and  10  cm.  long,  constricted  at  a  point  6  cm.  from  one  end  as 
shown  in  sketch.  The  lower  tube  is  used  as  a  scrubber  to  remove 
the  H2S  from  the  arsine;  for  this  purpose  there  is  placed  in  the  tube 
before  each  test  a  strip  of  dry  lead  acetate  paper.  The  upper 
tube  is  packed  loosely  with  glass  wool  moistened  Avith  lead  acetate 
solution.  This  serves  the  double  purpose  of  removing  any  traces 
of  H2S  which  may  pass  the  lead  acetate  paper  in  (B)  and  of  keeping 
the  arsine  moist  as  it  comes  in  contact  with  the  sensitized  test 
paper  suspended  in  (C) — a  condition  essential  to  the  success 
of  the  test. 

D.  Making  the  Test.  The  amount  of  H2SO4  (or  HCl)  and  zinc 
used  in  the  analysis  is  regulated  by  the  composition  of  the  sample. 
In  the  preparation  of  standard  stains  and  in  the  analysis  of  most 
samples  4.2  grams  H2SO4  (calculated  as  100%)  or  (3.1  gram  HCl 
100%)  and  15  pieces  of  zinc  are  used.  However,  in  the  analyses 
of  samples  containing  comparatively  large  amounts  of  certain 
salts,  as  for  example,  lime,  magnesia,  alumina,  and  alkalies,  6.3 
grams  100%  H2SO4  (or  4.3  grams  of  100%  HCl)  and  25  pieces 
of  zinc  are  required  to  obtain  a  corresponding  rate  of  evolution 
of  arsine. 

Sulphuric  acid  is  preferred  to  hydrochloric  acid  owing  to  the 
greater  purity  of  the  former — as  far  as  arsenic  is  concerned.  When 
H2SO4,  however,  forms  insoluble  salts,  HCl  is  to  be  preferred. 

In  cases  where  4.2  grams  H2SO4  or  3.1  grams  HCl  with  15  pieces 
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of  zinc  are  used  and  the  evolution  of  arsine  is  found  to  be  incom- 
plete at  the  end  of  a  half-hour  run,  the  sample  should  be  analysed 
using  the  larger  amounts  of  zinc  and  acid. 

After  the  sample  has  been  transferred  to  bottle  (A)  and  the 
required  amounts  of  zinc  and  acid  added  the  connections  are 
inserted  at  once. 

The  contents  of  bottle  (A)  are  well  mixed  by  careful  shaking 
after  which  the  apparatus  is  placed  in  a  water  bath  which  is  kept 
at  a  temperature  within  a  few  degrees  of  75°  F.^  After  thirty 
minutes  the  sensitized  paper  is  withdrawn  from  the  tube,  dipped 
in  melted  paraflBne,  and  compared  with  the  standard  stains, 

E.  Preparation  of  Standard  Stains,  (a)  Standard  Arsenic  Solu- 
tions. One  gram  of  resublimed  AS2O3  is  dissolved  in  25  cc. 
20%  NaOH  (As-free),  neutralized  with  H2SO4  and  diluted  to 
a  liter  with  recently  boiled  distilled  water  to  which  has  been  added 
10  cc.  of  96%  H2SO4.  Ten  cc.  of  this  solution  is  diluted  to  a 
liter  with  recently  boiled_  distilled  water  to  which  10  cc.  of  96% 
H2SO4  has  been  added.  One  cc.  of  this  solution  (A)  =  .01  mg. 
AS2O3.'  By  diluting  100  cc.  of  (A)  to  a  liter  with  recently  boiled 
distilled  water  to  which  10  cc.  of  96  %  H2SO4  has  been  added 
(B)  is  obtained  in  which  1  cc.  =.001  mg.  AS2O3.  This  solution 
(B)  is  the  only  one  that  is  necessary  in  preparing  standard  stains. 
The  solutions  are  made  acid  to  prevent  possible  precipitation  of 
arsenic  and  consequent  change  in  value  of  solution.  Glass  stop- 
pered flasks  should  be  used  as  containers.  It  is  advisable  to  pre- 
pare fresh  solutions  whenever  new  standard  stains  are  to  be 
prepared. 

(6)  Preparation  of  Stains.  The  set  of  standard  stains  should 
contain  color  strips  produced  by  .001,  .002,  .004,  .006,  .01,  .015, 
and  .02  mgs.  AS2O3.  As  a  preliminary  precaution  several  "blank 
tests"  should  be  run  on  all  the  reagents  used;  no  appreciable 
stains  should  be  formed  in  half  an  hour.  The  proper  number 
of  cc.  of  arsenic  solution  (B)  are  then  added  together  with  .05 
gram  Fe203  (as  ferric  ammonium  alum)  and  i  cc.  SnClj  (80%). 
The  iron  must  be  entirely  reduced  by  boiling  before  the  test  is 

■  iThis  temperature  is  carefully  regulated  in  order  to  properly  control  the 
reaction,  and  that  just  the  right  amount  of  moisture  may  be  carried  along 
with  the  arsine. 
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started.  After  cooling,  15  pieces  of  zinc  are  added  and  the  test 
run  for  thirty  minutes  in  a  constant  temperature  bath  as  de- 
scribed above.  The  test  paper  is  then  dipped  in  melted  paraflSne 
and  kept  in  a  dry,  dark  place  until  ready  for  mounting. 

Light,  heat,  and  moisture  will  produce  rapid  fading  of  the 
stians.  They  are  best  preserved  by  keeping  them  in  a  sealed  tube 
over  P2O8.  They  will  last  for  many  months  if  kept  away  from  light. 
*  F.  Preparation  of  Reagents,  (a)  Zinc.  C.P.  shot  zinc  free 
from  arsenic  is  used.  The  pieces  should  not  be  larger  than  will 
pass  a  screen  three  meshes  to  the  inch,  nor  smaller  than  will 
remain  on  a  screen  six  meshes  to  the  inch^  The  zinc  is  given 
a  thorough  cleaning  in  a  casserole  with  dilute  HCl  (1 — 1)  until 
a  dull  gray  clean  surface  is  obtained.  The  zinc  is  then  washed 
free  of  acid  and  kept  covered  with  distilled  water;  if  allowed  to 
dry  out  it  will  become  less  "active." 

(6)  "Mixed  Add."  Dilute  1  volume  of  As-free  sulphuric  acid 
with  4  volumes  distilled  water.  Dissolve  10  grams  of  NaCl  in 
each  100  cc.  of  the  dilute  acid. 

(c)  Stannous  Chloride  Solution.  80%.  Dissolve  80  grams  of 
SnCl2  in  100  cc.  distilled  water,  to  which  5  cc.  As-free  HCl 
has  been  added. 

(d)  Sensitized  Test  Paper.  Swedish  filter  paper  No.  0  (20  x  20 
in.)  is  most  satisfactory.  Cut  large  sheets  into  four  equal  squares 
and  dip  into  a  ^  %  solution  of  HgCl2  (.5  gram  HgClz  in  100  cc. 
water);  the  excess  of  solution  is  removed  by  a  "squeegee"  roller 
and  the  paper  dried  rapidly  by  spreading  it  on  a  flat  hot  cloth 
in  a  drying  oven  at  a  temperature  of  100°  C;  the  paper  should 
be  turned  over  once  during  the  drying  to  insure  an  even  heating. 
The  paper  should  be  removed  as  soon  as  dry,  as  HgCl2  is  slowly 
volatile,  and  cut  into  strips  7  cm.  long  and  4  mm.  wide.  The 
large  sheets  should  be  trimmed  on  all  four  edges  to  a  depth  of 
^  inch  or  more  as  the  outer  edges  are  often  more  concentrated. 
All  the  paper  should  be  cut  the  same  width.  As  soon  as  cut  the 
paper  should  be  bottled  and  sealed  with  paraffine  until  ready  for 
use.     Each  new  lot  of  paper  should  be  carefully  standardized. 

^This  zinc  may  be  obtained  from  Baker  &  Adamson  Chemical  Company, 
Easton,  Pa. 
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EFFECT    OF    H2S,    SBH3,    AND    SO2    ON    STAINS 

H2S  and  SbHs  in  sufficient  quantity  change  the  character  of 
the  stain.  H2S  should  be  oxidized  with  KMn04  before  running 
the  test.  Sb  if  present  in  excess  of  .0002  gram  Sb203  will  affect 
the  character  of  the  stain,  causing  it  to  be  longer  and  lighter  in 
shade.  Such  a  stain  if  subjected  to  fumes  of  HCl  will  fade  dis- 
tinctly while  a  pure  arsenic  stain  will  be  intensified.  The  same 
holds  for  stains  obtained  with  H2S.  SO2,  if  present,  reacts  with 
hydrogen  to  form  HjS. 

CONCLUSIONS 

In  the  modification  of  the  Gutzeit  method  given  above,  the 
estimation  of  small  amounts  of  arsenic  is  shown  to  be  accurate 
in  the  presence  of  iron  compounds,  provided  the  iron  is  entirely 
reduced  to  the  ferrous  condition  by  SnCl2  before  the  test  proper 
is  begun.  This  preliminary  reduction  is  essential  as  the  arsenic 
is  incompletely  evolved  in  thirty  minutes  when  ferric  compounds 
are  present.  It  has  been  found,  further,  that  when  a  standard 
stain  is  prepared  from  a  known  amount  of  arsenic  in  the  presence 
of  reduced  iron  compounds  this  stain  is  about  one  third  longer 
than  when  prepared  in  the  absence  of  iron.  In  order  to  obtain 
correct  comparative  results,  then,  standard  stains  should  be 
made  with  ferrous  iron  and  SnCla  present  in  the  solution  in  approx- 
imately the  same  amounts  as  are  found  in  the  samples  analysed. 
Moreover,  iron  should  be  added  to  all  samples  which  do  not  con- 
tain it. 

It  is  only  by  observance  of  these  precautions  that  reliable  re- 
sults are  obtained  with  the  Gutzeit  method;  with  these  precautions 
the  method  is  exceedingly  exact. 


RATIONAL   ANALYSIS    OF   NITRATE    OF   SODA.    THE 

USE    OF    THE    DEVARDA    METHOD    VS.    THE 

MISLEADING  "REFRACTION"  METHOD 

By  Walter  S  Allen 
Laurel  Hill,  N.  Y. 

The  analysis  of  commercial  nitrate  of  soda  by  the  "Refraction" 
or  "Difference"  method — subtracting  from  100%  the  sum  of 
the  percentages  of  H2O,  NaCl,  Na2S04,  and  water  insoluble  mat- 
ter, and  considering  all  the  rest  as  NaNOa — is  not  only  irrational 
but  misleading  as  well.  For  the  calculation  of  yields  in  nitric 
acid  manufacture  it  is  absolutely  worthless,  and  as  a  basis  for 
purchase  and  sale  is  equally  objectionable. 

H.  Fresenius^  condemns  the  "Refraction"  method  and  strongly 
recommends  the  universal  adoption  of  a  direct  method  for  es- 
timating the  NaNOa  content.  We  are  heartily  in  agreement  with 
this  position. 

In  our  choice  of  a  direct  method  we  may  consider  as  most 
suitable  either  a  gas  volumetric  method,  of  which  Lunge's  ni- 
trometer is  the  most  widely  used,  or  a  reduction  method  wherein 
the  nitrate  is  reduced  to  ammonia  and  distilled  into  standard 
acid;  of  the  several  methods  depending  upon  the  last  named  prin- 
ciple, that  of  Devarda^  is  the  most  rapid^.  Of  the  two  methods 
the  nitrometer  is  the  quicker  but  in  our  opinion  the  Devarda 
method  is  more  exact.  Our  reasons  for  this  opinion  are  based 
upon  about  two  years'  experience  with  the  modified  Devarda 
method  described  below,  in  comparison  with  the  nitrometer. 
Moreover,  in  a  laboratory  where  nitrates  are  analysed  only  oc- 
casionally and  the  assistants  employed  are  not  thoroughly  famil- 
iar with  the  very  careful  manipulation  required  for  the  nitrom- 
eter, the  Devarda  method  will  be  found  much  simpler. 

Devarda 's  procedure,  as  is  well  known,  consists  in  a  reduction 

iV.  International  Congress  of  Applied  Chemistry  1903,   Vol.    1,  214. 
^'Zeit.   fur.   Anal.    Chem.   XXXIII    (1894)    p.  113. 

'cf.  Wiley — Principles  &  Practice  of  Agricultural  Anal.  Vol.  1,  p.  536 
(1894). 
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of  nitrate  to  ammonia  in  an  alkaline  solution,  by  an  alloy  of  the 
following  composition:  Cu  50,  Al  45,  Zn  5.  This  heavy  alloy  is 
easily  ground  to  the  desired  fineness,  and  gives  off  hydrogen  in 
a  mass  of  very  fine  bubbles  which  very  quickly  reduce  all  the 
nitrate.    In  dissolving,  the  copper  is  left  in  a  finely  divided  state. 

In  Devarda's  procedure^  a  .5  gram  sample  of  nitrate  is  used; 
this  is  reduced  to  NH3  in  a  strong  alkaline  solution  with  2  grams 
alloy  and  the  NH3  distilled  over  into  an  excess  standard  H2SO4, 
using  methyl  orange  as  indicator  in  the  final  back  titration. 
When  using  the  apparatus  described  by  Treadwell  &  HalP  sev- 
eral objections  are  encountered,  as  follows:  (1)  it  is  impossible 
with  this  apparatus  to  prevent  the  passing  over  mechanically 
of  a  little  alkali  mist  into  the  standard  acid;  (2)  for  the  most  accur- 
ate results  methyl  orange  is  not  an  entirely  satisfactory  indicator; 
(3)  the  procedure  of  boiling  over  half  the  contents  of  the  distilling 
flask  is  very  objectionable,  in  that  the  strong  alkali  softens  the 
rubber  stopper  quite  rapidly  and  attacks  the  glass  and  shortens 
its  life.  Edward  Cahen^  suggests  two  improvements  over  Tread- 
well-Hall's  method,  viz.  distillation  of  the  NH3  with  steam  in- 
stead of  direct  boiling,  and  the  use  of  the  new  indicator,  methyl 
red  instead  of  methyl  orange.  The  table  of  results  given  in  his 
paper,  while  a  vast  improvement  over  those  obtained  by  the 
Pozzi-Escot  method^,  are  not  consistently  accurate  enough  to 
warrant  entire  confidence  in  the  method. 

With  the  realization  of  the  uselessness  of  the  "Refraction" 
method  and  with  the  belief  that  the  Devarda  method^  had  within 
it  the  possibility  of  being  made  a  very  accurate  quantitative 
method,  a  long  series  of  experiments  were  carried  out  in  the  lab- 
oratories of  the  General  Chemical  Company,  testing  all  the  de- 
tails of  procedure.  The  result  of  this  work  has  convinced  us  that 
the  Devarda  method  under  proper  conditions  and  with  suitable 
apparatus,  is  a  very  exact  method,  more  exact  in  fact  than  the 
nitrometer  imless  unusual  pains  are  taken  with  the  latter  method. 

^cf.  Treadwell  &  Hall  Anal.  Chemistry  II  (1910)  414. 
%c.  cit. 

'A  comparison  of  Pozzi-Escot 's  method  and  Devarda 's  method  for  the 
estimation  of  Nitrates,  Analysts  35,  307. 

'Reduction  of  Nitrate  with  Aluminum-Mercury  couple. 

'First  called  to  oiu-  attention  by  Prof.  E    P.  Harris,  Amherst  College. 
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In  order  to  obtain  the  most  accurate  results  it  was  considered 
necessary  to  use  at  least  a  gram  sample  and  to  improve  the  ap- 
paratus used  by  Treadwell  and  Hall  so  as  to  prevent  any  possible 
loss  of  NH3  and  to  eliminate  rubber  stoppers.  In  fact  our  in- 
vestigations clearly  showed  us  that  the  successful  use  of  the 
method  is  absolutely  dependent  upon  proper  apparatus. 

The  apparatus  and  method  of  analysis  for  nitrate  of  soda  are 
herewith  described  in  detail. 

I — PREPARATION    AND    WEIGHING    OUT    OF    SAMPLE 

In  order  that  the  sample  used  may  be  representative  and  con- 
tained in  a  volume  of  about  10  cc.  the  following  procedure  is 
adopted. 

All  lumps  in  the  sample  are  broken  up  to  at  least  the  size  of 
small  peas,  100  grams  weighed  out,  transferred  to  a  500  cc. 
beaker,  and  dissolved  in  water;  this  is  made  up  to  one  liter.  (If 
a  frothy  scum  persists  it  can  be  broken  with  a  little  alcohol.) 
100  cc.  of  this  is  accurately  weighed  (in  a  bottle  as  described 
below)  to  determine  the  sp.  gr.,  and  analysis  made  on  approx- 
imately 10  grams  of  this  solution.  The  weighing  bottle  is  made 
by  cutting  the  top  off  a  100  cc.  measuring  flask  about  1  inch 
above  the  100  cc.  mark.  A  dropping  tube,  whose  bulb  has 
a  little  over  10  cc.  capacity,  is  inserted  through  the  rubber  stop- 
per of  the  flask.  In  making  an  analysis  after  finding  the  weight 
of  apparatus  ''Y"  and  solution,  the  latter  is  well  shaken  up, 
approximately  10  cc.  run  from  the  dropper  into  the  Devarda 
apparatus,  and  the  weight  of  "Y"  again  taken.  By  subtracting 
the  second  weight  from  the  first  and  dividing  by  the  sp.  gr.  there 
is  found  the  number  of  cc.  of  solution  used.  Each  cc.  of  solu- 
tion is  equal  to  .1  gram  of  sample.  Dividing  the  cc.  found  by 
10  gives  the  grams  of  sample  used. 

II — DESCRIPTION    OF    APPARATUS 

The  apparatus  used  is  a  modification  of  Knorre's  apparatus 
for  the  distillation  of  arsenic.  It  consists  of  a  ''reduction"  flask 
"A,"  a  steam  jacket  and  scrubber  "C — F"  and  a  condensing 
absorption  apparatus  "E— H— K."  "G"  is  a  flask  for  NaOH 
to  remove  CO2  from  the  air  drawn  through  during  distillation, 
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"J"  a  large  size  casserole,  and  "I — Z"  burner  stand  and  burners. 
"A,  B,  C,  D,  E,  and  F"  are  made  of  Jena  glass. 

The  flask  "A"  holds  145  cc.  "B"  is  a  tube  lU  long, 
ha\'ing  a  stop  cock  near  the  middle;  it  is  enlarged  and  ground  so 
as  to  fit  tightly  into  the  neck  of  flask  "A"  and  reaches  nearly 
to  the  bottom  of  "A."  "G"  is  a  flask  of  about  175  cc.  capacity, 
fitted  with  a  cork  stopper,  through  which  passes  a  straight  tube 
"0"  reaching  to  the  bottom  of  "G, "  and  a  short  bent  connecting 
tube  "T."  This  tube  "T"  connects  with  tube  "B"  at  "L." 
The  scrubber  "C"  is  made  of  four  bulbs  about  1  inch  in  diameter, 
the  whole  scrubber  being  about  8^  inches  long.  The  bulbs 
are  loosely  packed  with  glass  wool  and  the  whole  is  fitted  into 
the  steam  jacket  "F. "  This  latter  is  made  either  of  a  piece  of 
glass  tubing  about  2  inches  in  diameter  and  closed  at  the  ends 
by  rubber  stoppers,  or  preferably  of  lead.  Live  steam  enters 
through  "S"  and  the  condensed  steam  and  water  pass  out  through 
"N."     The  purpose  of  scrubber  "C"  is  to  retain  on  the  glass 
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wool  any  NaOH  mist;  the  steam  jacket  prevents  condensation 
of  H2O  in  "C";  unless  the  jacket  is  used  a  large  condensation 
takes  place  which  is  very  objectionable.  "E"  is  a  series  of  bulbs 
about  l\  inches  in  diameter  and  drawn  out  at  its  lower  end  into 
a  tube  which  reaches  nearly  to  the  bottom  of  "H."  "C"  is  con- 
nected with  "E"  by  a  bent  tube  "D"  which  fits  tightlj'  into 
"E"  by  means  of  a  ground  glass  stopper.  "H"  is  an  ordinary 
flask   of  about  275  cc.  capacity,  fitted  with  a  rubber  stopper 
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through  which  passes  "E"  and  the  bent  tube  "V"  which  connects 
"H"  with  "K."  "K"  has  a  capacity  of  about  175  cc.  "W" 
is  a  rubber  tube  connected  mth  the  suction  so  that  air  can  be 
drawn  through  the  whole  apparatus.  "J"  is  a  large  casserole 
serving  first  as  a  cold  and  then  as  a  hot  water  bath  for  flask  "A." 

Ill      DETAILS    OF    MANIPULATION 

All  parts  of  the  apparatus  are  washed  out  with  CO2  free  water. 
Flask  "A"  is  connected  mth  scrubber  "C"  by  rubber  tubing 
so  that  the  ends  of  the  glass  touch  each  other.  A  dry,  short-necked 
funnel  is  put  in  the  top  of  "A"  and  the  casserole,  filled  with  cold 
water,  put  in  the  position  indicated  in  the  drawing.  98  cc. 
of  standard  H2SO4  are  run  into  absorbing  flask  "H,"  the  tip  of 
the  burette  touching  the  side  of  "H"  and  the  latter  then  washed 
down  with  2  or  3  cc.  of  CO2  free  water.  Two  cc.  more  of  acid 
are  run  into  small  flask  "K"  in  the  same  way  and  about  10  cc. 
of  CO2  free  water  added  with  it.  The  temperature  of  the  acid 
should  be  noted  and  a  correction  made  as  described  below  under 
"A"  of  "Notes  and  Solutions."  After  adding  three  drops  of 
methyl  red  to  flask  "K"  the  apparatus  is  set  up  as  shown  in  dia- 
gram, care  being  taken  that  all  joints  are  tight.  Three  grams 
of  Devarda's  alloy  are  weighed  and  put  on  a  paper  in  readiness 
for  use.  Connecting  tube  "B"  is  slightly  greased  where  it  fits 
into  flask  "A." 

About  10  grams  of  the  nitrate  solution  are  introduced  from 
apparatus  ''Y"  into  flask  "A"  through  the  short  funnel,  washed 
in  with  10  cc.  CO2  free  water  measured  from  a  pipette  and  25 
cc.  of  20%  caustic  soda  (free  from  nitrogen  compounds).  The 
inside  and  outside  of  the  funnel  are  washed  into  "A"  with  about 
3  cc.  more  of  CO2  free  water.  The  alloy  is  then  put  into  "  A  " 
through  a  perfectly  dry  tube,  so  constricted  at  one  end  that  it  fits 
into  the  neck  of  "  A. "  This  is  to  prevent  any  of  the  alloy  from  ad- 
hering to  the  sides  of  the  flask  which  would  cause  a  sudden  froth- 
ing during  boiling.  The  alloy  should  be  put  in  quickly,  the  tube 
removed  and  the  tube  "B"  placed  in  position  at  once  with  the  stop 
cock  "R"  closed.  The  action  begins  quickly  and  is  aided  by  shak- 
ing a  little  to  mix  the  sample,  alloy,  and  caustic.  The  cold  water 
in  the  casserole  prevents  too  violent  action  at  first  and  it  is  ad- 
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visable  to  stir  the  water  for  the  first  few  minutes  after  adding  the 
alloy  to  "A."  The  casserole  should  be  removed  at  the  end  of 
five  minutes.  The  reduction  is  allowed  to  continue  for  twenty 
minutes.  The  steam  should  then  be  turned  on  in  the  jacket  and 
the  top  of  tube  "  B  "  connected  with  the  caustic  flask  "  G." 
When  the  reduction  is  complete  the  casserole  is  filled  with  boiling 
hot  water,  placed  in  position,  and  both  burners  immediately 
lighted.  Boiling  should  begin  at  once,  the  casserole  being  kept 
full  during  the  distillation.  The  rubber  tube  connected  with  the 
suction  is  then  connected  to  the  bent  tube  in  "K."  The  stop 
cock  "R"  in  tube  "B"  is  then  opened  and  the  suction  so  regu- 
lated that  a  continuous  stream  of  bubbles  is  seen  coming  out  of 
"E"  into  flask  "H."  Care  must  be  taken  to  have  enough  suc- 
tion so  that  no  ammonia  escapes  back  into  flask  "G"  when  "R" 
is  opened.  The  distillation  is  continued  for  thirty  minutes,  air 
being  drawn  through  the  apparatus  for  the  whole  period.  The 
burners  are  then  turned  off,  the  apparatus  disconnected  at  the 
upper  end  of  tube  "E, "  and  the  disconnected  parts  "D,  E,  H, 
and  K  "  washed  into  an  800  cc.  beaker  with  CO2  free  water.  The 
total  volume  should  not  amount  to  more  than  500  cc.  Two  cc.  of 
methyl  red  are  added  to  the  solution  and  the  excess  acid  titrated 
with  standard  caustic  soda.  The  endpoint  should  be  taken  just 
as  the  pink  changes  to  a  straw  color. 

IV.     CALCULATION    OF    RESULTS 

The  100  cc.  standard  acid  used  is  corrected  for  temperature 
and  from  this  volume  is  deducted  the  standard  NaOH  titration 
(1  cc.  of  NaOH  being  equivalent  to  1  cc.  of  H2SO4).  The  differ- 
ence is  calculated  to  %  NaNOs. 

V.     NOTES    AND    SOLUTIONS 

A.  Standard  HzSOi.  This  should  be  of  such  a  strength  that 
1  cc.  equals  about  .0057  gram  H2SO4  (equals  about  1%  equiv- 
alent  NaNOs).  A  useful  arrangement  for  this  standard  H2SO4 
and  burette  is  shown  in  Plate  II,  figure  2.  The  standard  acid 
is  drawn  from  the  reservoir  "A"  into  burette  "B"  by  opening 
pinch  cock  "E. "  Chamber  burette  "B"  is  graduated  merely 
from  90  to  100  cc.  in    1/10  cc.    The  difference  between  the  90 
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and  100  cc.  marks  is  about  25  cm;  the  diameter  of  the  stem  above 
the  chamber  is  about  3  mm.  The  outlet  of  the  burette  is  so  con- 
stricted that  it  will  require  about  three  minutes  to  deliver  100  cc. 
The  burette  is  surrounded  by  a  water  jacket  "C"  in  which  is 
suspended  thermometer  "D."  "C"  should  be  kept  filled  with 
water  at  room  temperature  to  a  point  opposite  the  zero  mark 
of  the  burette.  The  acid  in  burette  "B"  should  be  allowed  to 
stand  five  minutes  before  drawing  out  in  order  to  equalize  tem- 
perature. All  temperature  readings  should  be  taken  with  ther- 
mometer "D"  immersed  in  "C"  as  shown  in  sketch.  No  allow- 
ance for  drain  should  be  made  as  such  a  correction  will  be  very 
small  when  three  minutes  are  required  for  the  burette  to  empty 
itself. 

It  is  advisable  to  determine  the  value  of  1  cc.  of  H2SO4  in  terms 
of  NaNOs  by  a  procedure  identical  with  that  in  analysis  of  ni- 
trate samples.  This  corrects  for  the  small  "blank"  test  on  the 
apparatus  and  also  assures  the  analyst  that  his  manipulation 
of  the  method  is  correct.  For  standardization  purposes  pure 
dry  KNO3  is  used.  The  best  KNO3  obtainable  is  recrystallized 
in  small  crystals,  dried  first  at  100°  C.  to  remove  most  of  the  H2O, 
then  to  constant  weight  at  210°  C.  to  remove  every  trace  of  H2O, 
after  which  it  is  preserved  in  a  glass  stoppered  bottle.  This  KNO3 
should  then  be  very  carefully  tested  for  all  impurities,  including 
nitrite,  chloride,  sulphate,  carbonate,  sodium  compounds,  lime, 
magnesium,  etc.  The  impurities,  if  present,  are  allowed  for  in 
the  standardization. 

11.4  grams  KNO3  (=  about  9.6  grams  NaNOs  in  nitrogen 
equivalent)  are  dissolved  in  50  cc.  cold  distilled  water  and  care- 
fully transferred  to  apparatus  "Y,"  the  volume  diluted  to  100  cc. 
and  10  cc.  of  this  transferred  to  flask  ''A,"  reduced  to  NHs 
by  the  alloy  and  distilled  into  100  cc.  H2SO4,  as  in  the  procedure 
for  nitrates  outlined  above.  From  the  amount  of  H2SO4  neu- 
tralized is  then  calculated  the  value  of  H2SO4  in  terms  of  NaNOs. 
The  temperature  of  the  H2SO4  should  be  carefully  noted  at  the 
time  of  standardization  and  a  correction  applied  in  all  analyses 
where  the  temperature  is  different  from  that  at  standardization. 

Temperature  correction  for  100  cc.  H2SO4  of  this  strength 
=  .029  cc.  for  each   1°  C. 
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B.  Standard  NaOH.  This  standard  alkali  should  be  of  a 
strength  equivalent  to  the  standard  H2SO4.  The  NaOH  is  stand- 
ardized as  follows:  In  a  beaker  are  placed  500  cc.  cold  distilled 
H2O  (free  from  CO2)  and  2  cc.  methyl  red;  if  the  water  is  acid  or 
alkaline  it  should  be  neutralized  at  this  point.  Ten  cc.  standard 
H2SO4  are  then  added  and  the  NaOH  run  in  from  a  10  cc.  burette 
until  the  pink  just  changes  to  a  straw  color.  Ten  cc.  NaOH 
should  equal  10  cc.  H2SO4. 

C.  Methyl  Red  Solution.  .25  gram  methyl  red  are  dissolved 
in  2,000  cc.  95%  ethyl  alcohol.  Two  cc.  are  used  in  each  determi- 
nation. As  the  indicator  is  sensitive  to  CO2  all  the  water  used 
must  first  be  boiled  to  expel  CO2  present^ 

D.  Devarda's  Alloy.  This  consists  of  45  parts  aluminum, 
50  parts  copper,  and  5  parts  zinc.  The  Al,  in  sheet  form,  is  cut 
into  strips  about  1  inch  wide,  rolled  compactly  together  and  heat- 
ed in  a  Hessian  crucible  in  a  furnace  until  the  Al  begins  to  melt. 
The  copper  is  then  added  in  portions  until  all  is  liquefied,  and 
finally  the  zinc,  which  should  be  in  one  or  two  pieces,  is  plunged 
beneath  the  surface  of  the  molten  mass.  After  heating  very  hot 
for  a  few  moments  the  cover  is  removed,  the  mass  mixed  with 
an  iron  rod,  and  allowed  to  cool  slowly  with  the  cover  on.  The 
cold,  crystallized  mass  is  finally  crushed  to  a  60-mesh  powder. 

E.  NaOH  (or  KOH)  sp.  gr.  1.3.  This  is  prepared  from  C.  P. 
NaOH  (or  KOH)  and  distilled  H2O.  Before  use  the  alkali  should 
be  boiled  in  an  open  casserole  with  .5  gram  Devarda's  alloy  to 
remove  any  ammonium  compounds,  cooled,  and  kept  in  a  well 
stoppered  bottle. 

VI.     ACCURACY    OF    THE    METHOD 

Duplicate  analyses  should  agree  within  .15%  NaNOs.  With 
the  sharp  endpoint  afforded  by  methyl  red  there  is  no  diflBculty 
in  obtaining  duplicate  results  within  the  above  limit.  The  ex- 
perience of  nearly  two  years  with  this  method  in  the  laborato- 
ries of  this  Company  has  thoroughly  convinced  us  of  its  accuracy 
and  reliability.  We  consider  it  indeed  an  exceedingly  exact  vol- 
umetric method.  It  has  many  times  been  our  experience  that  two 
different  laboratories  of  this  Company  will  obtain  results  which 

'Methyl  Red  is  now  manufactured  by  Baker  &  Adamson  Chemical  Com- 
pany Easton,  Penn  'a. 
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agree  within  .15%  of  each  other,  on  the  same  H2O  basis.  The 
use  of  a  1  gram  sample  in  the  analysis  cuts  down  greatly  on  the 
chances  of  error — no  other  accurate  method  for  this  analysis, 
with  which  we  are  familiar,  permits  the  use  of  so  large  a  sample. 

RESULTS    WITH    A    KNOWN    AMOUNT    OF    HNO3 

Deviation     from     theoret- 
HNOs  Taken — Calculated  ical  as  per  cent  NaNOs 

as  NaNOj  HNOs  Found  on  a  1  gram  sample 

.9097  gram  .9108  gram  .11%  high 

.8789  .8794  .05%  high 

1.0220  1.0216  .04%  low 

.9752  .9758  .06%  high 

.9759  .9765  .06%  high 

1.0194  1.0197  .03%  high 

1.0012  1.0018  .06%  high 

RESULTS    WITH    A    SAMPLE    OF    NaNOs,    RUN    IN 
DUPLICATE    BY    TWO    ANALYSTS 
Moisture  NaNO.  (Devarda) 

1.62%  95.10% 

95.13% 
1.65%  95.08% 

95.03% 

COMPARISON    OF    RESULTS    BY    NITROMETER,    DEVARDA 's 
METHOD,    AND    THE    "REFRACTION    TEST" 

Twenty-three  samples  of  commercial  nitrate  of  soda  were  an- 
alysed by  the  above  three  methods,  with  the  following  results: 
Agreement  within         Devarda  and  Nitrometer     Devarda  and  Refraction 
.1%  NaNOg  4  samples  2  samples 

.3%  NaNOs  18  samples  5  samples 

.5%  NaNOs  22  samples  6  samples 

.6%  NaNOs  23  samples  7  samples 

Sixty-nine  samples  of  commercial  nitrate  of  soda  were  analyzed 
by  the  Devarda  Method  and  the  "Refraction"  method  with  the 
following  differences  in  %  NaNOs:  Out  of  69  Samples 

Agreement  within     .1%  5 

Agreement  within     .3%  11 

Agreement  within     .5%  19 

Agreement  within     .8%  32 
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Out  of  69  Samples 
Agreement  within  1.0%  35 

Agreement  within  1.5%  54 

Agreement  within  2.0%  63 

Agreement  within  2.5%  67 

Agreement  within  3.0%  69 

As  will  be  noted  from  the  above,  one  half  the  samples  show  a 
difference  of  more  than  1%  NaNOs  between  the  two  methods, 
22%  of  the  samples  differ  by  more  than  1.5%  NaNOa,  and  9% 
of  the  samples  by  more  than  2%  NaNOs.  In  every  case  the  re- 
sults by  the  "Refraction"  method  are  high.  These  high  results 
are,  of  course,  accounted  for  by  the  fact  that  in  the  "Refraction" 
method  no  consideration  is  given  to  the  potassium  nitrate,  sodium 
chlorate,  perchlorate,  and  iodate,  lime,  magnesia,  etc.,  which 
are  almost  invariably  present. 

The  following  four  comparative  complete  analyses  show  the 
variation  in  impurities  in  different  commercial  nitrates : 


No.  1 

No.  2 

No.  3 

No.  4 

H20 

2.15% 

2.99% 

2.74% 

3.00% 

Na,S04 

.20% 

.38% 

.34% 

.28% 

NaCl 

1.28% 

1.50% 

1.16% 

1.43% 

(Insoluble) 

.08% 

.52% 

.10% 

.26% 

SiOa 

.08% 

.52% 

.10% 

.20% 

AI2O3 
FezOa 

.13% 

.35% 

.11% 

.10% 

CaO 

.06 

.09 

.09 

.04 

MgO 

.08 

.07 

.14 

.24 

NalOs 

.02 

.04 

.04 

.04 

NaClOs 

Trace 

.01 

.01 

None 

NaC104 

Not  determ. 

Not  determ. 

Not  determ. 

.90 

KNO3 

1.31 

1.92 

4.82 

8.09 

NaNOs 

94.54 

92.53 

90.43 

85.34 

Total  N  as  NaNOa 

by  Devarda  method 

95.64 

94.14 

94.48 

92.15 

NaNOs  by  "Refraction 

f) 

test 

96.29 

94.61 

95.66 

95.03 

NaNOs  deducting  from 

100% 

all  the  impurities  found  (cal- 

culating K20  =  Na20) 

95.79 

93.74 

94.50 

92.49 
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These  analyses  show  considerable  variation  in  impurities, 
especially  in  KNO3.  Samples  No.  3  and  4  show  the  very  marked 
effect  of  high  potash  salt  on  the  "Refraction"  test,  and  all  the 
samples  show  that  the  latter  test  can  only  be  relied  upon  when  all 
the  impurities  present  are  deducted  from  100%. 

CONCLUSION 

The  inaccuracy  and  uselessness  of  the  so-called  "Refraction" 
test  for  conmiercial  nitrate  of  soda  is  shown  both  by  a  series  of 
complete  analyses  of  this  material,  and  by  the  analysis  of  69 
samples  by  both  a  direct  and  indirect  (refraction)  method.  The 
"Refraction"  test  takes  into  account  only  the  H2O,  NaCl,  Na2S04, 
and  water  insoluble  matter  present  and  takes  no  account  what- 
ever of  potassium  salts,  chlorate,  perchlorate,  iodate,  lime,  mag- 
nesia, etc.  The  complete  analyses  show  that  it  is  only  by  taking 
into  account  all  these  impurities  that  a  reliable  value  for  NaNOa 
can  be  obtained. 

Obviously  it  is  much  simpler  to  estimate  the  total  nitrogen 
by  a  direct  method.  For  this  purpose  the  modified  Devarda  pro- 
cedure is  recommended.  This  method,  using  the  modified  Knorre 
apparatus,  is  shown  to  be  very  accurate.  A  one  gram  sample  is 
used  and  results  are  reliable  within  .15%  NaNOs.  This  method, 
while  not  as  rapid  as  the  nitrometer,  is  believed  to  be  more  ac- 
curate; it  is,  moreover,  simple  and  easy  of  manipulation. 

As  the  results  obtained  by  the  "Refraction"  test  are  almost 
without  exception  high — sometimes  nearly  3%  high — the  pur- 
chaser is  at  an  obvious  disadvantage  when  compelled  to  pay 
for  this  material  on  the  "Refraction"  test  basis.  He  is  not  only 
getting  lower  nitrate  content  than  the  "Refraction"  test  shows, 
but  he  can  have  no  definite  idea  how  much  too  low  these  results 
are,  and  for  works  control,  calculation  of  yields,  etc.  he  is  com- 
pelled to  re-analyze  the  samples  by  a  direct  method  which  will 
reveal  the  actual  nitrogen  value. 

The  only  rational  procedure  is  to  discard  entirely  the  mis- 
leading "Refraction"  method,  and  substitute  therefor  a  direct 
method — the  same  to  be  used  as  a  basis  of  valuation  in  all  con- 
tracts. 

The  importance  of  a  proper  method  of  analysis  for  Sodium 
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Nitrate,  to  determine  its  valuation  accurately,  must  be  obvious 
to  all,  and  it  is  hoped  that  the  presentation  of  this  subject  to  the 
Eighth  International  Congress  will  result  in  sufficient  discussion 
of  this  important  matter  to  warrant  the  recommendation  and 
adoption  of  the  Direct  method  of  analysis. 


AN  EXACT  METHOD  FOR  THE  DETERMINATION  OF 
SULPHUR  IN  PYRITES  ORES 

By  Walter  S.  Allen  and  Howard  B.  Bishop 
Laurel  Hill,  Long  Island,  N.  Y. 


I.     Outline  of   the    Problem   and    the   Results   Obtained 
BY  Investigation 

That  the  accurate  determination  of  sulphur  in  pjo-ites  ore  is 
of  very  great  importance  is  universally  recognized  by  technical 
chemists,  as  well  as  by  the  purchasers  and  sellers  of  such  ore. 
Any  improvement,  therefore,  in  the  accuracy  of  the  analytical 
method  for  determining  sulphur  is  worthy  of  very  serious 
consideration. 

The  General  Chemical  Company  several  years  ago  became  dis- 
satisfied with  the  well  known  methods  for  determining  sulphur, 
and  under  the  inspiration  and  direction  of  Mr.  W.  C.  Ferguson, 
consulting  chemist  of  this  Company,  the  new  method  herein  pre- 
sented was  worked  out.  The  main  features  of  this  method  were 
worked  out  by  Mr.  H.  B.  Bishop  and  Mr.  W.  S.  Allen  and  the  very 
thorough  and  painstaking  work  necessary  to  establish  the  proof 
of  the  accuracy  of  the  method  was  carried  out  by  Mr.  Joseph  L. 
Coon,  assistant  chemist.  Acknowledgment  is  also  heartily  given 
to  other  members  of  the  research  and  analytical  staff  of  this 
Company  who,  by  their  interest  and  suggestions,  aided  in  the  final 
solution  of  the  problem. 

The  methods  generally  in  use  for  the  estimation  of  sulphur  in 
ores  are  usually  modifications  of  Lunge's  well  known  method. 
Recently  E.  T.  Allen  and  J.  Johnston^  published  a  very  valuable 
and  illuminating  series  of  experiments  on  the  exact  determination 
of  sulphur  in  soluble  sulphates.  They  showed  convincingly  the 
errors  occurring  as  a  result  of  the  solubility  of  BaS04,  the  occlu- 
sion of  alkali  sulphates  and  acid  sulphates  (especially  in  the  pres- 
ence of  alkali  chlorides),  and  the  loss  of  SO3  (or  ammonium  sul- 

ij.  Am.  Chem.  Soc,  32,  588  (1910). 

33 


34  Original  Communications:  Eighth  International        [vol. 

phate)  when  the  BaS04  precipitate  is  ignited;  they  recommend  a 
correction  for  these  errors  in  each  determination  of  sulphur.  In 
another  paper^  the  same  authors  apply  the  results  of  their  re- 
searches to  the  analysis  of  pyrites  and  marcasite.  They  employ 
the  oxidation  method  of  Carius  (heating  the  ore  in  a  sealed  tube 
with  fuming  nitric  acid),  separate  the  iron  with  Na2C03  and 
correct  the  final  precipitate  of  BaS04  for  the  errors  above 
mentioned.  This  method,  while  it  undoubtedly  yields  very 
accurate  results,  in  skilled  hands,  lays  no  claim  to  rapidity,  as 
the  authors  admit,  and  is  not  applicable  to  the  demands  of  a 
technical  laboratory. 

More  than  two  years  before  the  appearance  of  these  articles^ 
we  realized  the  difficulties  inherent  in  the  usual  methods  for  sulphur 
determination  and  by  a  long  series  of  experiments  established 
clearly  the  facts  that  low  results  are  inevitably  obtained  when 
alkali  salts  (especially  ammonium  salts)  are  present.  Our  efforts 
were  then  directed  toward  an  improved  method,  wherein,  if 
possible,  all  alkali  salts  should  be  eliminated.  Throughout  all 
our  investigation  work  it  was  kept  clearly  in  mind  that  the  method 
toward  which  we  were  concentrating  our  attention  must  give 
theoretical  results,  not  only  with  a  known  amount  of  H2SO4 
corresponding  to  the  sulphur  percentage  in  average  ores,  but 
also  with  a  "theoretical  ore/'  made  by  adding  to  a  known  amount 
of  H2SO4,  iron,  zinc,  copper,  lead,  etc.,  in  such  proportions  as  are 
present  in  average  ores.  It  is  possible  to  obtain  the  strength  of 
H2SO4  by  titration  to  a  very  high  degree  of  accuracy.'  The  acid 
thus  standardized  gave  us  a  material  of  whose  sulphur  content 
we  were  absolutely  certain.  The  ideal  procedure  would  have  been, 
of  course,  to  work  entirely  with  a  standard  pyrites  ore  whose 
sulphur  content  had  been  established  beyond  any  doubt;  this 
material,  however,  was  not  and  is  not  available. 

In  order  to  eliminate  alkali  salts  entirely  during  a  determination 
of  sulphur  in  pyrites  the  sulphate  must  either  be  precipitated  by 
BaCla  in  the  presence  of  iron  salts,  or  some  other  method  of  sep- 
arating the  iron  than  by  the  use  of  NH40II  or  Na2C03  must  be 

'J.  Ind.  &  Eng.  Chem.,  ;g,  196(1910). 

lop     Pit 

«W.  C.  Ferguson,  J.  S.  C.  I.,  U,  781  (1905). 
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found.  Precipitation  with  BaCla  in  the  presence  of  ferric  salts 
is  not  to  be  considered  where  accuracy  is  required  on  account  of 
the  well  known  precipitation  of  a  part  of  the  SO3  as  Fe2(S04)3^ 
which  loses  SO3  on  heating  and  gives  low  results.  As  there  seemed 
to  be  no  practical  way  of  separating  the  iron  except  by  precipita- 
tion with  an  alkali,  attention  was  turned  to  precipitation  of  the 
sulphate  in  the  presence  of  reduced  iron  salts. 

It  has  been  known  for  some  time  that  it  is  possible  to  precipitate 
BaS04  in  the  presence  of  reduced  iron  salts  and  obtain  an  iron  free 
BaS04^.  Hydroxylamine  hydrochloride  has  been  successfully 
used  as  a  reducing  agent  but  is  fairly  expensive.  Sodium  thiosul- 
phate  and  hydrogen  sulphide  have  been  suggested  for  the  same 
purpose  but  their  use  is  at  least  open  to  obvious  objection,  not- 
withstanding the  favorable  results  obtained  with  H2S  by 
G.  v  Knorre^. 

W.  H.  Seaman*  calls  attention  to  the  value  of  aluminum  as  a 
reducing  agent  for  ferric  iron  and  it  occurred  to  us  at  once  that 
here  was  the  ideal  reducing  agent  for  the  method.  It  was  found 
that  the  finest  aluminum  powder  obtainable^  is  exceedingly  well 
suited  to  this  purpose;  this  powder  is  sulphur  free  and  works  with 
great  rapidity.  It  has,  moreover,  a  further  value  aside  from  its 
reduction  of  ferric  salts,  in  that  all  Cu  and  Pb^  a're  thrown  out 
as  metals  and  can  be  removed  with  the  excess  of  aluminum  powder 
by  filtration  before  the  barium  sulphate  is  precipitated;  this  is 
an  obvious  advantage.  The  BaS04  precipitated  from  a  sulphate 
solution  containing  as  much  as  .7  gram  of  iron  in  the  ferrous 
condition  is  pure  white,  even  after  ignition,  and  has  been  found 
by  repeated  tests  to  actually  contain  only  a  trace  of  iron — less 
than  enough  to  effect  the  determination  of  sulphur  by  .01%. 

Attention  was  next  turned  to  the  manner  of  precipitating  the 

BaS04,   and   conditions   under   which  this  precipitation   should 

take  place.     In  consulting  the  literature  on  this  very  important 

part  of  the  determination,  it  is  evident  that  a  great  deal  of  time 

'Anal.  Chem.  Treadwell-Hall,  II,  368  (1908). 
^cf.  Gyzander,  Chem.  News,  93,  213. 
^Chem.  Ind.  28,  2. 
^Chern.  Eng.  (1908). 

'Baker  &  Adamson  Chem.  Co.,  Easton,  Pa. 

"PbSOi  is  completely  converted  to  metallic  lead  and  a  soluble  sulphate 
by  powdered  aluminum. 
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Precipitating  Cup 


Filtering  Arrangement 


and  care  have  been  expended  in  examining  the  effects  of  free  acid, 
volume  of  solution,  rate  of  addition  of  BaC]2,  etc.  The  method 
usually  prescribed  is  to  precipitate  slowly  with  constant  stirring, 
in  a  boiling  hot,  slightly  acid  solution.  Hintz  &  Weber^  recom- 
mend a  very  rapid  precipitation,  pouring  the  hot  BaCl2  all  at  once 
into  the  sulphate  solution.  According  to  Allen  and  Johnston^ 
the  precipitate  obtained  by  rapid  precipitation,  while  often  giving 
results  very  close  to  the  theoretical,  is  not  always  reliable,  due  to 
a  variable  compensation  of  errors.  Otto  Folin'  points  out  that 
when  both  the  sulphate  solution  and  the  BaCl2  are  cold  and  dilute 
and  the  latter  adding  to  the  former  without  stirring,  at  a  rate  not 

iZ.  Anal.  Chem.,  4S,  31  (1906). 

^loc.  cit.  p.  617. 

«J.  Biol.  Chem.,  1,  131-159. 
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exceeding  5  cc.  per  minute,  large  crystals  of  BaS04  are  obtained 
which  settle  rapidly.  This  method  of  precipitation  was  given  a 
thorough  trial,  and  after  considerable  experimental  work  in  deter- 
mining the  proper  dilution  and  necessary  amount  of  free  HCl 
it  was  found  to  give  theoretical  results  with  known  amounts  of 
H2SO4. 

To  insure  uniformity  in  rate  of  precipitation  a  form  of  "precipi- 
tating cup"  was  devised  which  should  automatically  deliver  the 
BaCl2  at  the  required  rate  —  5  cc.  per  minute.  This  consists  of 
a  cup  holding  130  cc.  attached  to  a  capillary  tube  which  is  bent 
around  a  watch  glass,  over  a  beaker.  (See  Plate,  Fig.  1.)  The 
BaCl2  is  delivered  in  small  drops.  The  BaS04  is  completely 
precipitated  without  stirring,  although  as  a  precaution  it  is  advis- 
able to  gently  stir  the  supernatant  liquor  after  the  BaCl2  has  all 
run  out  of  the  cup. 

The  BaS04  formed  under  these  conditions  of  precipitation  has 
the  appearance  under  the  microscope  of  beautiful,  large,  well 
defined  crystals,  in  contradistinction  to  the  very  fine  powder  formed 
by  precipitation  from  a  hot  slightly  acid  solution.  These  crystals 
are  easily  retained  and  washed  on  a  Gooch  asbestos  filter.  The 
use  of  a  Gooch  crucible  does  away  with  the  possible  reduction  of 
the  BaS04  when  using  filter  paper  and  also  mechanical  loss  during 
ignition;  these  crucibles  have  been  used  altogether  and  with  entire 
satisfaction  in  all  work  with  this  method. 

Having  thus  proved  the  way  for  a  rigorous  testing  out  of  the 
method,  a  long  series  of  experiments  were  carried  out  using  a 
known  amount  of  H2SO4  and  adding  thereto  iron  and  such  impuri- 
ties as  are  present  in  different  kinds  of  pyrites  ore,  to  determine 
their  effect,  if  any,  on  the  accuracy  of  the  method.  In  addition 
to  this  the  method  of  oxidation  with  Br,  CCI4,  and  HNO3  was 
thoroughly  tested  to  insure  completeness  of  oxidation,  and  to 
make  certain  that  no  sulphur  compounds  escape  by  volatilization 
during  oxidation.  A  part  of  the  results  of  this  experimental  work 
is  given  in  part  III  of  this  paper.  These  results  may  be  briefly 
summarized  as  follows:  (1)  the  method  gives  theoretical  results 
with  sulphuric  acid  in  amounts  ranging  from  35%  to  50%  S;  (2) 
the  addition  of  iron,  zinc,  copper,  lead,  arsenic,  silica,  etc.,  in  such 
amounts  as  may  be  present  in  pyrites  ores,  does  not  affect  at  all 
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the  accuracy  of  the  method ;  (3)  a  theoretical  ore  of  the  following 
composition  gave  results  within  .03%  of  calculated  sulphur  con- 
tent: S  49.80%,  Fe  44.00%,  Pb  2.00%,  As  .50%,  Cu  .50%,  CaO 
1.00%,  Zn  1.00%,  SiOz  1.20%;  (4)  the  ignited  BaS04  contains 
only  a  faint  trace  of  iron;  (5)  the  oxidizing  mixture  (Br  +  CCI4 
followed  by  HNO3)  completely  oxidizes  the  ore  without  loss  of 
volatile  sulphur  compounds;  (6)  the  use  of  aluminum  powder 
for  the  reduction  of  the  iron  and  the  consequent  presence  of  small 
amounts  of  aluminum  salts  does  not  detract  from  the  accuracy 
of  the  sulphur  determination;  (7)  in  comparison  with  other  methods 
our  method  tends  always  to  give  a  little  higher  results. 

II.    Details  of  Method  of  Analysis 
Preparation  of  Sample 
The  ore  sample  is  ground  merely  enough  to  pass  an  80-mesh 
sieve,  screening  occasionally  and  grinding  only  those  particles 
coarser  than  80  mesh. 

About  10  grams  are  dried  for  one  hour  at  100°C.  in  a  1-oz. 
wide-mouth  glass  bottle,  and  the  bottle  is  stoppered  as  soon  as 
removed  from  the  oven. 

Oxidation  of  the  Sulphur 
1.3736  grams  of  the  dried  ore  are  put  in  a  dry  300  cc.  Jena 
beaker  (4^/^  in.  high,  and  23^^  in,  diam.),  10  cc.  of  a  mixture  of 
2  parts  by  volume  liquid  bromine  and  3  parts  CCU^  are  added 
and  the  beaker  is  covered  with  a  watch  glass.  After  standing 
fifteen  minutes  at  room  temperature  with  occasional  gentle  shak- 
ing, 15  cc.  HNO3  (sp.  gr.  1,4)  are  added  and  the  mixture  is 
allowed  to  stand  fifteen  minutes  longer  at  room  temperature 
with  occasional  shaking.  The  beaker  is  then  placed  on  an  asbestos 
board  on  top  of  the  steam  bath  and  allowed  to  remain  there  until 
all  action  has  ceased  and  most  of  the  bromine  has  been  volatilized. 
It  is  then  placed  within  the  rings  of  the  bath  and  the  solution 
evaporated  to  dryness,  the  cover  glass  being  raised  above  the  rim 
of  the  beaker  by  means  of  riders  made  of  bent  glass  rods.  Ten 
cc.  HCl  (sp.  gr.  1.2)  are  next  added  and,  after  shaking  to  mix 

lit  is  very  important  to  use  CCI4  which  is  free  from  sulphur  compounds. 
The  CCI4  made  by  Baker  &  Adamson,  Easton,  Pa.  is  very  satisfactory. 
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thoroughly,  the  solution  is  again  evaporated  to  dryness,  still 
keeping  the  beaker  covered  as  in  the  former  evaporation.  When 
completely  dry  the  Si02  is  dehydrated  by  heating  in  an  air  bath 
at  100°C  for  several  hours  (preferably  overnight). 

Reduction  of  Iron  and  Precipitation  of  Sulphate 
4  cc.  of  HCl  (sp.  gr.  1.2)  are  now  added  to  the  dehydrated 
mass,  followed  after  five  minutes  by  100  cc.  of  hot  water.  The 
cover,  sides  of  beaker,  and  riders  are  carefully  washed  down  with 
hot  water  and  after  the  removal  of  the  riders  the  cover  is  replaced. 
The  mixture  is  gently  boiled  for  five  minutes  to  insure  complete 
solution  of  all  sulphate.  After  the  solution  has  partially  cooled 
by  standing  for  about  five  minutes,  .2  to  .3  gram  of  powdered 
aluminum  is  added  and  the  beaker  gently  shaken  until  the  iron 
color  has  disappeared,  showing  complete  reduction.  It  is  now 
advisable  to  cool  the  solution  to  prevent  possible  mechanical 
loss  of  mist  when  filtering,  due  to  the  action  of  warm  HCl  on  the 
excess  of  aluminum  powder.  After  cooling,  the  cover  glass  and 
sides  of  the  beaker  are  washed  down  and  the  solution  is  filtered 
through  a  123^  cm.  filter  paper  (B  &  A  grade  "A")  (S  &  S  No. 
590)  into  a  No.  9  beaker  (capacity  about  2500  cc.)  and  the 
residue  washed  nine  times  with  hot  water.  To  the  filtrate  are 
added  6  cc.  more  of  HCl  (sp.  gr.  1.2)  and  sufficient  cold  water 
to  dilute  to  1600  cc.  After  stirring  to  mix  well,  the  beaker  is 
covered  with  a  large  clock  glass  and  the  sulphate  precipitated  by 
adding  through  a  special  form  of  "precipitating  cup"  (discharg- 
ing at  the  rate  of  5  cc.  per  minute)  125  cc.  5%  BaC]2  solu- 
tion. The  solution  is  not  stirred  while  the  BaCl2  is  being  added 
but  after  all  is  in,  the  supernatant  liquor  is  well  mixed  by 
gentle  stirring. 

Filtration  and  Ignition  of  the  Precipitate 
After  the  BaS04  has  settled^  it  is  filtered  through  a  tared  Gooch 
crucible,  using  suction.  The  Gooch  crucible  used  has  a  capacity 
of  35  cc,  with  perforated  bottom  attached,^and  with  a  moderately 
thick  asbestos  mat^.  The  filtering  arrangement  is  shown  in  sketch 
(see  Fig.  2). 

iPreferably  after  standing  12  hours. 

'Long  fibred  Italian  asbestos,  scraped  into  "  lint "  and  digested  with  strong 
HCl  until  aU  soluble  impurities  have  been  removed. 


40  Original  Communications:  Eighth  International        [vol. 

The  crucible  C  is  nearly  filled  with  water  before  the  syphon  and 
cork  are  placed  in  position.  Then  by  exhausting  the  air  in  A  the 
supernatant  liquor  in  the  beaker  rapidly  syphons  over.  The 
syphon  tube  and  cork  are  then  removed  and  well  washed.  The 
precipitate  is  transferred  to  the  Gooch  filter  by  a  stream  from  a 
wash  bottle,  the  beaker  "copped  out"  and  the  precipitate  washed 
six  times  with  cold  water.  The  Gooch  is  then  ignited  slowly, 
placing  it  first  on  an  asbestos  board  over  a  flame  for  25  minutes 
so  as  to  expel  the  water  gradually,  or  it  may  be  given  this  prelimi- 
nary drying  by  placing  it  in  the  steam  oven  for  a  few  hours  if  more 
convenient.  The  Gooch  crucible  is  then  heated  with  the  full 
flame  of  a  Fletcher  burner^  for  thirty  minutes,  cooled  in  a  desicca- 
tor, and  weighed. 

Weight  BaS04  X  10  =  %  S  in  Ore. 

Duplicates  should  agree  within  .05%.  Tested  sulphur  free 
reagents  should  always  be  used. 

III.     Experimental  Proof  of  the  Accuracy  of  this  Method 

In  the  analysis  of  pyrites  we  have  always  used  a  larger  sample 
than  is  usually  recommended,  viz.  1.3736  grams.  This  weight 
is  ten  times  the  factor  from  BaS04  to  S— hence  the  flnal  weight 
of  BaS04XlO  =  %  S.  in  sample.  There  is  no  trouble  whatever 
in  handling  a  sample  of  this  size  and  any  errors  which  may  creep 
in  are  divided  by  1.3  instead  of  being  multiplied  by  2,  as  is  the  case 
when  using  a  .5  gram  sample  of  ore.  In  all  our  experimental  work, 
therefore,  the  BaS04  precipitated  was  in  amount  equivalent  to 
the  sulphur  in  1.3736  grams  ore. 

The  following  conditions  were,  with  few  exceptions,  those  under 
which  the  experimental  proof  of  the  accuracy  of  the  method  was 
carried  out. 

Volume  at  the  time  of  precipitation  1600  cc. 

HCl  present  10  cc.  (sp.  gr.  1.2). 

BaCl2  solution  (125  cc.  5%  BaCl2)  added  through  special 
"precipitating  cup,"  which  requires  25  minutes  for  this  amount 
to  run  out. 

i(or  preferably  in]an  electric  oven  kept  at  about  1600°r.). 
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After  the  precipitation  the  supernatant  liquor  was  stirred, 
without  disturbing  the  precipitate,  to  insure  thorough  mixing. 

The  BaS04,  after  settling,  was  filtered  through  a  tared  Gooch 
crucible  with  an  asbestos  mat,  dried,  and  heated  for  thirty  minutes 
over  a  Fletcher  burner,  using  full  heat,  cooled,  and  weighed. 

/.     Results  with  a  Known  Amount  of  H^SOi  Alone 

Very  carefully  standardized  H2S04^  (about  52%)  was  diluted 
to  volume  and  aliquot  100  cc.  portions  were  taken  by  a  dividing 
pipette. 

(A)  H2SO4  used  corresponding  to  5.000  grams  BaS04  (=  50.00% 
sulphur  on  factor  weight  of  ore). 


Vol.  at 
Precip. 

HCl 

Added 

No.  of 
Runs. 

Average  Wt. 

in  Grams  of 

BaS04  Found 

As 

% 
S. 

Extreme 

Variation 

in  Tests 

Mean 
Variation 
in  Tests 

1600  cc. 

10  CC. 

12 

5.0000 

50.00 

.13% 

.07% 

1600  cc. 

10  cc. 

3 

4.9993 

49.99 

.02% 

.02% 

1600  cc. 

10  cc. 

3 

4.9972 

49.97 

.04% 

.03% 

1600  cc. 

10  cc. 

3 

4.9993 

49.99 

.07% 

.06% 

(B)  H2SO4  used  corresponding  to  3.5000  grams  BaS04  (  =  35.00 
%  S  on  factor  weight  sample). 


Vol.  at 
Precip. 

1600  cc. 


HCl 

Added 

10  cc. 


No.  of 
Runs. 

6 


Average  Wt. 
in  Grams  of 
BaSOi  Found 

3.4990 


As 

% 
S. 


Extreme       Mean 
Variation  Variation 
in  Tests     in  Tests 


34.99        .03%         .01% 


Conclusions 

Theoretical  results  are  obtained  with  both  50%  and  35%  S, 
the  volume  and  concentration  of  HCl  being  the  same  in  each  case. 


//.     Results  with  H2SO4  and  Iron  in  the  Ferrous  Condition 

Samples  prepared  as  in  I.     Iron  added  in  the  form  of  FeCls 
(sulphur  free),  reduced  with  Al  and  filtered. 

icf.  W.  C.  Ferguson,  J.  S.  C.  I.,  ^4,1781  (1905). 
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H,SOi 

Iron 

No.  of 

Average 
Wt.  BaS04 

Extreme 
Variation 

Mean 
Variation 

Taken 

Added 

Runs 

Found 

in  Tests 

in  Tests 

as%S 

as  %  Fe 

as%S 

50.00 

50.00 

4 

50.00 

.05% 

.03% 

50.00 

50.00 

5 

50.02 

.09% 

.06% 

35.00 

65.00 

3 

35.04 

.11% 

.08% 

50.00 

44.00 

3 

49.94 

.02% 

.02% 

H,SO« 

Taken 

Iron 

Added 

No.  of 
Runs 

Wt.  BaS04 
Found 

Variati 
inTes 

as%S 

as  %  Fe 

as%oS 

50.00 

44.00 

2 

49.65 

.07 

50.00 

44.00 

3 

49.46 

.11 

The  ignited  precipitates  were  all  pure  white. 

Conclusions 

Iron  in  the  ferrous  condition  does  not  affect  the  accuracy  of  the 
results. 

III.     Results  with  H^SOi  and  Iron  in  the  Ferric  Condition 
Samples  prepared  as  in  I,     Iron  added  in  the  form  of  FeCls 
(sulphur  free)  and  not  reduced. 

Average     Extreme         Difference 

in  Tests  and  Determinat'n 

.35% 
.54% 

Conclusions 

Low  results  are  obtained  with  iron  present  in  oxidized  condition. 

During  the  ignition  SO3  could  be  seen  passing  off.     Ignited 
BaS04  was  red. 

IV.     Effect  on  the  BaSd  Precipitate  of  Standing  for  Varying 

Lengths  of  Time  before  Filtration 
Samples  prepared  and  precipitated  as  in  II. 

Time  of  Standing                    Grams  BaS04  %  Sulphur 

2  hours                             4.9998  50.00 

4  hours                              4.9969  49.97 

6  hours                             4.9950  49.95 

18  hours                             5.0005  50.01 

24  hours                              4.9985  49.99 

48  hours                              5.0013  50.01 
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Conclusions 

As  indicated  by  these  experiments,  there  is  no  difference  be- 
tween the  results  obtained  after  standing  for  varying  lengths  of 
time,  viz.  from  2  to  48  hours. 


V.     Purity  of  the  BaSOi 
Samples  prepared  and  precipitated  as  in  II. 
(A)  Iron  (and  BaCl2)  in  Ignited  BaS04: 


BaSOi 

Weight 

in  Grams. 

Iron  in  the  Solu- 
tion when  BaS04 
was  Precipitated. 
Weight   in  gms. 

Condition 

of  Iron  at 

Precipitation 

Iron  in 
Precipitate 

Chlorine 
as  BaCl2 

5.000 

.6868 

Reduced 

.00018  gms. 

.0140  grams 

5.000 

.6044 

Reduced 

.00021  gms. 

.0150  grams 

3.500 

.8918 

Reduced 

.00013  gms. 

.0137  grams 

5.000 

.6044 

Oxidized 

.0135  gms. 

.0046  grams 

3.500 

.8918 

Oxidized 

.0210  gms. 

.0023  grams 

Conclusions 

Iron  in  the  ferrous  form  does  not  contaminate  BaS04  in  any 
appreciable  amount,  while  if  present  in  the  ferric  condition  it 
does  contaminate  the  BaS04  considerably.  BaCl2  is  occluded  in 
all  precipitates  of  BaS04,  and  in  larger  amount  in  reduced  iron 
solutions. 


VI.    Analysis  of  the  Vapors  Given  off  During  Ignition  of 
the  BaSOi 
Samples  prepared  as  in  II  and  III.    Weight  of  BaS04 =4.4  grams. 

Found  in  Vapors 


Ratio  S  to  Fe 

Volume  at 

Chlorine 

Sulphur 

at  Precipitation 

Precipitation 

Iron 

(calc.  as  HCl) 

(calc.  as  BaS04) 

44%:  50% 

1600  cc. 

Reduced 

.0011  gm. 

.0007  gm. 

44%:  50% 

1600  cc. 

Oxidized 

.0044  gm. 

.0051  gm. 

44%:  50% 

250  cc. 

Oxidized 

.0104  gm. 

.0201  gm. 

The  precipitates  were  heated  in  a  combustion  tube  with  the 
full  heat  of  a  Fletcher  burner.    The  vapors  evolved  were  caught 
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in  KOH  and  determined  gravimetrically  as  BaS04  and  AgCl. 
It  was  assumed  that  the  CI  and  S  found  passed  off  as  HCl  and 
SO3. 

Conclusions 

The  HCl  and  SO3  lost  on  ignition  of  the  BaS04  precipitated 
from  reduced  solution  are  negligible.  Allen  and  Johnston^  have 
shown  that  when  BaS04  is  precipitated  from  solutions  containing 
alkali  salts,  the  acid  remaining  constant,  the  loss  by  volatilization 
is  greatly  increased. 


VII.    Effect  of  an  Excess  of  HCl 
Samples  prepared  as  in  I  except  for  amount  of  HCl  added. 


BaSOi  Found 

HCl  Added 

No.  of  Runs 

(As  %  S) 

10  cc. 

6 

34.99 

20  cc. 

1 

34.97 

30  cc. 

1 

34.98 

40  cc. 

1 

35.04 

50  cc. 

1 

34.96 

The  theoretical  amount  of  BaS04  as  %  Sulphur  was  35.00. 

Conclusions 

The  presence  of  HCl  in  amounts  greater  than  10  cc.  does  not 
seriously  affect  the  results,  but  there  is  obviously  no  advantage 
to  be  gained  by  using  more  than  10  cc. 

VIII.    Effect  of  the  Presence  of  AlCk  in  Varying  Amounts 

As  the  powdered  aluminum  added  to  reduce  the  iron  must 
itself  dissolve  in  the  HCl  present,  a  series  of  tests  were  made  to 
determine  the  effect  of  varying  amounts  of  Al  on  the  barium  sul- 
phate precipitate. 

Samples  prepared  as  in  II,  except  the  first  which  was  prepared 
as  in  I. 

»loc.  cit. 
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Amount  of  No.  of  Extreme  Variation    AljOi  in  BaSO* 

Al  Present  Tests      Average  Wt  of  BaSOi    between  Tests        after  Ignition 

None  3  4.408    gms.  44.08%  .02%                   None 

.1  gm.  3  4.4076  gms.  44.08%  .04%  .0016  gms. 

.3  gm.  3  4.411    gms.  44.11%  .02%  .0020  gms. 

.5  gm.  3  4.4157  gms.  44.16%  .03%  .0048  gms. 

Conclusions 

As  much  as  .5  gram  Al  appears  to  raise  the  results  but  the 
amount  used  in  the  method  produces  no  effect.  This  conclusion 
is  diametrically  opposed  to  that  of  Huybrechts  (Chem.  Abs.,  4 
2247) :  "The  method  of  reduction  of  Fe  by  a  metal  or  a  metalhc 
salt  is  impossible  when  BaS04  is  to  be  precipitated  subsequently." 


IX.    Effect  of  Alkali  Salts 
Samples  prepared  as  in  I  except  for  the  addition  of  the  alkali 
chloride. 


Difference  between 

BaSO* 

Theory  and 

Salt  Added 

No.  of  Runs 

Found 

Determination. 

NaCl       5  gm 

34.82 

.18% 

NaCl     10  gm 

34.76 

.24% 

NaCl     15  gm 

34.71 

.29% 

KCl         5  gm 

34.96 

.04% 

KCl       10  gm 

34.93 

.07% 

KCl       15  gm 

34.85 

.15% 

NH4CI     5  gm 

34.51 

.49% 

NH4CI  10  gm. 

34.44 

.57% 

NH4CI  15  gm. 

ml           i  1                  i 

•       ^     i     -  e   Tt 

34.35 

c(/-\      .  ^    rr-f    CI 

.65% 

._1  — 1 or   r\r\ 

The  theoretical  amount  of  BaS04  as  %  Sulphur  was  35.00. 

Conclusions 

The  very  pronounced  effect  of  alkali  salts  is  shown  clearly. 
KCl  produces  the  least  effect  and  NH4CI  the  most. 

X.    Effect  of  Other  Metals 
To  samples  prepared  as  in  II  were  added  other  metals  (as  S- 
free  chlorides).    These  mixtures  were  evaporated  to  dryness  and 
given  the  entire  treatment  according  to  the  method  for  ores. 
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TAKEN 

Xo.  of 

Average 
BaSO, 

Extreme 
Variation 

H,S04 

Fe 

Metal  Added 

Runs 

Found 

in  Tests 

Equivalent  to: 

as  %  S 

50.00%  S 

50.00% 

Pb 

1% 

3 

50.01 

.05% 

50.00%  S 

50.00% 

Cu 

1% 

3 

50.00 

•04% 

50.00%  S 

50.00% 

Cu 

5% 

3 

50.04 

.06% 

50.00%  S 

50.00% 

Ca 

1% 
|1%  e£ 

3 

49.96 

.05% 

50.00%  S 

50.00% 

Pb,C 
Ca 

ich3 

49.96 

.02% 

35.00%  S 

65.00% 

Zn 

10% 

2 

35.06 

.04% 

35.00%  S 

65.00% 

As 

•5% 

3 

35.05 

.02% 

35.00%  S 

65.00% 

SiOa 

5% 

3 

34.98 

.07% 

Conclusions 

Practically  theoretical  results  are  obtained  with  the  extremes 
of  metallic  impurities  usually  to  be  found  in  pyrites. 


XI.     Theoretical  Ore 

The  sulphur  was  added  as  H2SO4  and  the  metals  as  S-free  chlo- 
rides in  amounts  corresponding  to  those  in  1.3736  grams  of  an 
ore  of  the  follo'oing  composition: 

S  49.80% 

Fe  44.00% 

Pb  2.00% 

As  .50%c 

Cu  .50% 

CaO  1.00% 

Zn  1.00% 

Si02  1.20% 

100.00% 

This  mixture  was  evaporated  to  dryness  and  given  the  entire 
treatment  according  to  the  method  for  ores. 


Xo.  of 
Runs 

Average  BaS04 
Found 

Extreme  Varia- 
tion in  Tests 

Mean  Variation 
in  Tests 

6 

as  %  S 
49.77 

as%S 
.05 

as%S 
.03 
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Conclusions 

With  the  theoretical  ore  the  results  were  within  .03%  of  the 
calculated  sulphur  content. 

The  experimental  work  thus  far  described  shows  that  the  method 
gives  accurate  results  with  an  amount  of  H2SO4  equivalent  to 
35%  and  50%  sulphur  ores,  and  that  ferrous  iron,  zinc,  Mme, 
copper,  lead,  arsenic,  etc.,  do  not  interfere  with  the  accuracy  of 
the  results.  It  is  established,  then,  that  with  a  properly  oxidized 
ore  the  results  obtained  will  be  accurate  within  .05%  to  .10%  of 
theory.  The  barium  sulphate  precipitated  from  reduced  iron 
solution  loses  only  a  negligible  amount  of  HCl  and  SO3  on  ignition 
and  the  ignited  BaS04  contains  only  a  trace  of  iron.  It  does 
contain  some  BaCl2  but  this  amount  is  constant  and  apparently 
compensates  for  the  slight  solubility  in  the  large  amount  of  water 
used. 

XII.     Oxidation  of  the  Ore  Sample 

In  our  choice  of  the  most  suitable  oxidizing  agent  we  were 
limited  to  those  which  do  not  contain  alkah  salts.  The  two  mix- 
tures used  in  our  experimental  work  were:  (l)  "reversed"  aqua 
regia^  (with  or  without  bromine),  and  (2),  a  mixture  of  CCI4 
and  bromine,  followed  by  nitric  acid. 

It  has  been  pointed  out  by  many  investigators  that  with  certain 
ores  a  part  of  the  sulphur  may  separate  out  on  treating  with  "re- 
versed" aqua  regia.  This  free  sulphur  may  be  oxidized  by  con- 
tinued digestion  with  KCIO3  but  this  is  a  disagreeable  and  lengthy 
process  and,  moreover,  introduces  alkali  salts.  Liquid  bromine 
itself  is  too  violent  and  its  water  solution  too  weak.  CCI4  mixes 
in  all  proportions  with  bromine,  is  a  solvent  for  free  sulphur  in 
case  any  separates,  and  volatihzes  with  the  excess  bromine  upon 
evaporation.  A  mixture  of  2  parts  by  volume  liquid  bromine 
+3  parts  CCI4  was  found  to  give  excellent  results.  An  ore  treated 
with  this  mixture  followed  after  10  minutes  by  HNO3  is  oxidized 
completely,  and  evaporates  to  dryness  more  quickly  than  when 
"reversed"  aqua  regia  is  used. 

The  CCI4  should  be  entirely  free  from  all  sulphur  compounds; 
very  erratic  results  are  obtained  if  such  volatile  sulphur  compounds 

13  vols.  HNOa  sp.  gr.  1.4,  and  1  vol.  of  HCl  sp.  gr.  1.2. 
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(CS2  etc.)  are  present.  The  CCI4  supplied  by  Baker  &  Adamson^ 
is  entirely  satisfactory. 

In  order  to  prove  that  oxidation  is  complete  when  using  the 
above  proposed  method,  the  silicious  residues  left  after  oxidation 
have  been  repeatedly  filtered  and  re-oxidized.  The  amount  of 
sulphur  so  obtained  has  never  amounted  to  more  than  .04%. 

To  further  prove  that  there  is  no  loss  of  volatile  sulphur  com- 
pounds during  oxidation  the  vapors  given  off  were  drawn  through 
bulb  scrubbing  tubes  containing  NaOH  and  the  latter  tested  for 
S.    None  was  found. 

From  the  above  we  have  shown  that  Br  — CCI4,  followed  by 
HNO3,  gives  a  complete  oxidation  of  the  sulphur  without  loss  of 
volatile  sulphur  compounds.  It  is  to  be  preferred  to  aqua  regia 
in  that  it  evaporates  more  quickly  and  there  is  never  any  separation 
of  free  sulphur.  Both  methods  of  oxidation  have  been  shown  to 
give  identical  results,  however,  on  the  same  ore  sample,  as  is  shown 
in  the  following: 

Oxidation  with  Br+CCh+HNO,  Oxidation  with^HNO,+HCI+Br 
43.83%  S  43.83%  S 

43.82%  S  43.84%  S 

43.84%  S  43.87%  S 

XIII.  The  Effect  of  Fine  Grinding  on  the  Sulphur  Content 
As  pointed  out  by  Allen  and  Johnston^  the  sulphides  of  iron 
gradually  oxidize  on  grinding.  In  order  to  show  clearly  the  amount 
of  this  oxidation  and  also  the  amount  of  oxidation  due  to  oven 
drying  of  samples  of  varying  degrees  of  fineness,  a  large  sample 
of  dry  ore  was  ground  to  pass  60  mesh;  a  portion  of  this  was  re- 
served and  the  remainder  ground  to  pass  80  mesh.  This  operation 
was  repeated,  withdrawing  samples  left  on  the  80,  100,  and  120 
mesh  screens.  The  material  passing  120  mesh  was  further  ground 
for  half  an  hour,  a  portion  reserved,  and  the  remainder  ground 
for  another  half  hour.  In  the  accompanying  table  are  shown  the 
%  sulphur  found  in  each  reserved  portion,  analysed  (1)  without 
drying,  (2)  after  drying  1  hour,  (3)  after  drying  16  hours. 

'Easton,  Pennsylvania, 
'•loc.  cit. 
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Ground 
to  Mesh 

Total  Time 
Ground 

Dried  at 
212° 

Loss  of  Wt. 
on  Drying 

No.  of 
Runs 

Average 
per  cent 
Sulphur 

Extreme 
Variation 
in  %   S. 

60 

2  hrs.  20  min. 

Not  dried 

2 

46.66 

.04 

2  hrs.  20  min. 

1  hour 

.07% 

3 

46.61 

.10 

2  hrs.  20  min. 

16  hours 

.06% 

3 

46.65 

.06 

80 

2  hrs.  45  min. 

Not  dried 

3 

46.63 

.07 

2  hrs.  45  min. 

1  hour 

.07% 

3 

46.64 

.06 

2  hrs.  45  min. 

16  hours 

.06% 

3 

46.69 

.05 

100 

3  hrs.  15  min. 

Not  dried 

3 

46.63 

.06 

3  hrs.  15  min. 

1  hour 

.08% 

3 

46.65 

.07 

3  hrs.  15  min. 

16  hours 

.04% 

3 

46.69 

.04 

120 

3  hrs.  35  min. 

Not  dried 

3 

46.32 

.01 

3  hrs.  35  min. 

1  hour 

.08% 

3 

46.29 

.02 

3  hrs.  35  min. 

16  hours 

.04% 

3 

46.29 

.06 

Further 

thanl20  4  hours 

Not  dried 

3 

45.98 

.03 

4  hours 

1  hour 

.10% 

2 

45.98 

.06 

4  hours 

16  hours 

.05% 

3 

46.00 

.03 

Further 

thanl20  4  hrs.  30  min. 

Not  dried 

3 

45.61 

.03 

4  hrs.  30  min. 

1  hour 

2 

45.60 

.03 

4  hrs.  30  min. 

16  hours 

3 

45.61 

.01 

Conclusions 

After  the  ore  was  ground  finer  than  100  mesh  the  oxidation  due 
to  grinding  was  quite  rapid.  After  the  final  grinding  the  ore  con- 
tained 1%  less  sulphur  than  the  original  sample.  The  oxidation 
taking  place  in  an  oven  at  212°  even  in  16  hours  was  inappreciable. 


XIV.     Comparative  Results  Between  Different  Methods  Used  for 
Determination  of  Sulphur  in  Ores 

A  sample  of  ore  was  analyzed  in  our  laboratory  by  several  dif- 
ferent methods  with  results  as  follows: 
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%  Sulphur       Average 
New  Method  46.32 

46.31 

46.33  46.32 

Fresenius  Method  (Quan.  Anal.,  II,  P.  561  46.22 

1904)  46.16 

46.31  46.23 

Lunge's  Method  (Sulphuric  Acid  and  Alkali  45.84 

Edn.  2,  Vol.  1,  p.  56)  46.01 

45.93  45.93 

Lunge-Gladding  Method  46.03 

46.18 

46.13  46.11 

These  results  were  obtained  by  an  analyst  skilled  in  the  new 
method,  who  interpreted  and  followed  the  directions  given  for 
the  other  methods  to  the  best  of  his  ability,  but  who  had  had  little 
previous  experience  in  their  manipulation. 

The  method  has  also  been  investigated  independently  by  the 
Nichols  Copper  Company  and  its  accuracy  proved  with  known 
amounts  of  H2SO4. 

Moreover,  as  shown  by  comparative  results  between  our  labora- 
tory and  commercial  analysts  of  New  York — the  latter  using  some 
form  of  the  Modified  Lunge  method — it  has  been  found  that  our 
method  tends  to  give  about  .15%  higher  results  than  the  latter. 
At  a  meeting  of  representatives  of  Stillwell  &  Gladding,  Ricketts 
&  Banks,  Ledoux  &  Company,  and  Dr.  Lucius  Pitkin,  commercial 
analysts  of  New  York,  held  June  25th  1912,  the  following  resolu- 
tion was  unanimously  adopted : 

Whereas  certain  differences  exist  between  the  results  reported 
on  sulphur  in  pyrites,  between  different  chemists,  and 

Whereas  the  necessity  of  uniform  results  on  this  basic  material 
of  chemical  manufacture  is  to  be  highly  desired,  we  recommend 
the  adoption  of  a  standard  method  for  the  determination  of  sulphur 
in  pyrites,  and  state  that  in  our  experience  the  method  as  described 
in  the  paper  by  Mr.  W.  S.  Allen  and  Mr.  H.  B.  Bishop  to  be  read 
before  the  Eighth  International  Congress  of  Applied  Chemistry, 
gives  the  true  sulphur  contents  of  the  material,  and  we  endorse 
it  as  an  accurate  and  satisfactory  method. 
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IV.  Final  Summary 

The  method  for  the  determination  of  sulphur  in  pyrites  ore  as 
now  offered  consists  essentially  of  the  complete  oxidation  and 
solution  of  a  comparatively  large  sample  by  means  of  a  solution 
of  Br  and  CCI4,  followed  by  HNO3;  the  reduction  of  the  iron 
present  by  means  of  aluminum  powder;  and  the  cold  precipitation 
of  the  BaS04  in  a  large  volume  by  the  slow  addition  of  a  dilute 
BaCl2  solution. 

In  order  not  to  greatly  increase  the  length  of  this  paper,  a  portion 
only  from  a  large  mass  of  data  covering  every  detail  of  the  method 
has  been  presented.  This  portion,  however,  demonstrates  fully 
the  accuracy  of  the  method  and  presents  evidence  as  to  the  sound- 
ness of  the  principles  involved  and  necessity  for  the  observation 
of  certain  details. 

A  number  of  experienced  analysts  and  inexperienced  men  fresh 
from  college  have  by  the  method  accurately  analysed  samples 
of  pyrites  ore,  their  duplicates  almost  invariably  agreeing  within 
a  few  hundredths  of  a  per  cent.  Men  who  used  the  method  for 
the  first  time  obtained  results  agreeing  closely  with  those  by  ana- 
lysts of  long  experience  with  the  method,  evidencing  its  ease  and 
simplicity. 

Commercial  chemists  of  New  York  have  analysed  samples 
both  by  their  regular  methods  and  by  this  new  method.  The 
results  obtained  are  in  accord  with  our  experience,  viz.,  that  the 
new  method  tends  to  give  results,  about  .1  to  .15%  higher,  and  that 
check  determinations  agree  within  a  few  hundredths  of  a  %  S. 
In  view  of  the  clear  proof  by  Allen  and  Johnston^  of  the  necessity 
for  various  calculations  in  the  presence  of  alkah  salts,  the  higher 
results  obtained  by  this  method — where  alkali  salts  are  absent — 
are  to  be  expected.  We  beUeve  that  the  method  gives  accurate 
results  without  the  addition  of  any  corrective  factor  whatever, 
and  we  submit  it  to  the  Eighth  International  Congress  in  the 
hope  that  the  Congress  will  recommend  its  general  adoption  and 
thus  assist  in  obtaining  uniformity  of  standards  in  analytical 
methods. 
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THE  RELATIVE  STABILITY  OF  PRIMARY  CADMIUM 
POTASSIUM  IODIDE  AND  ITS  APPLICATION  IN 
THE  DETERMINATION  OF  OZONE 

By  Charles  Baskerville  and  W.  J.  Crozier 

The  College  of  the  City  of  New  York,  New  York,  N.  Y. 

Of  the  several  methods  which  have  been  proposed  for  the 
determination  of  ozone^  that  of  Schonbein,  which  consists  in 
estimating  the  iodine  hberated  from  metaUic  iodides,  has  been 
quite  generally  employed,  although  it  is  open  to  a  number  of 
serious  objections.  It  is  well  known  that  when  acid  potassium 
iodide  solution  is  employed,  the  potassium  iodide-starch 
reaction  is  neither  a  qualitative  nor  a  quantitative  indication  of 
the  presence  or  amount  of  ozone;  and  that  various  agencies 
influence  the  liberation  of  iodine  from  the  acidified  potassium 
iodide  solution,  while  chlorine,  bromine  and  nitrites  (frequently 
found  in  the  air)  also  give  the  reaction.  These  influences,  of  an 
order  of  magnitude  safely  disregarded  in  other  analytical  work, 
must  be  dealt  with.  With  regard  to  the  reliability  of  neutral 
metallic  iodide  solutions,  Lechner^  maintained  that  unsatisfactory 
results  were  obtained  when  determining  ozone  with  the  aid  of 
neutral  potassium  iodide  solutions,  as  large  quantities  of  iodine 
vapor  were  liberated.  This  is  directly  contrary  to  the  results 
obtained  by  Ladenburg  and  Quasig^,  who  found  that  neutral 
solutions  only  give  correct  results,  and  that  acid  solutions  give 
no  sharp  end-point  and  the  results  are  too  high'.  They  obtain  good 
results,  but  used,  apparently,  only  ozone  of  a  high  state  of  purity. 

Baskerville   and  Hamor^  have  pointed  out  the  objections  to 

which  potassium  iodide  is  open  as  a  reagent  for  hydrogen  dioxide, 

and  the  authors  have  found  that  as  a  test  for  ozone,  potassium 

iodide  is  subject  to  the  same  limitations,  and,  generally,  even  to 

a  greater  degree.     Baskerville  and  Hamor  found  that  since  primary 

^Z.  Elektrochem.,  17,  412. 

^'Ber.,  34,  1184  (1901). 

'Our  experiments  would  tend  to  confirm  these  findings. 

*J.  Ind.  Eng.  Chem.,  3,  No.  6  (1911.) 
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cadmium  potassium  iodide  (CdKl3.H20)  is  unaffected  by  the 
presence  of  any  likely  amovmts  of  acids  in  ethyl  ether,  and  is 
much  more  stable  in  light  than  potassium  iodide  in  solutions  of 
comparable  strength,  its  use  is  preferable  for  the  detection  of 
peroxidized  compounds  in  ether.  The  authors  have  extended 
the  observations  on  the  stability  of  cadmium  potassium  iodide 
and  have  employed  it  as  a  reagent  for  the  quantitative  determina- 
tion of  ozone. 

I. 

THE     COMPARATIVE    STABILITY    OP     POTASSIUM    IODIDE    AND 
CADMIUM    POTASSIUM    IODIDE 

The  cadmium  potassium  iodide  used  in  the  experiments  which 
follow  was  found  to  possess  the  following  composition: 

Water.  Cadmium. 

Calculated  for  CdKIs-HaO 3 .  27%  21 .  17% 

Found 3.36  20.98 

It  was  free  from  foreign  metals,  sulphuric  acid,  and  hydriodic 
acid,  and  was  soluble  in  about  0.95  parts  of  water  at  15  deg.  C. 
The  potassium  iodide  used  was  also  found  to  be  pure. 

The  statement  is  made  in  the  literature^  that  solid  cadmium 
potassium  iodide  assumes  a  slight  yellow  color  on  standing.  In 
the  experiments  made  by  the  authors  on  this  point,  the  salt  was 
from  two  different  lots:  (a)  Some  which,  after  purification,  had 
been  standing  for  five  years  in  a  museum  case,  freely  exposed  to 
diffused  light  during  most  of  every  day.  This  sample  possessed 
no  yellowish  tinge  whatsoever,  nor  was  there  present  any  detectable 
free  iodine.  (6)  Samples  of  a  fresh  lot  of  "  Cadmium  &  Potassium 
Iodide  Merck."  These  were  exposed  to  direct  sunlight  for  periods 
ranging  up  to  25  days,  and  analysis  showed  that  no  decomposition 
occurred.  We  are  therefore  inclined  to  believe  that  pure  primary 
cadmium  potassium  iodide  uncontaminated  with  cadmium  iodide, 
potassium  iodide  or  water  in  excess  will  not  become  colored  upon 
storage. 

The  next  experiments  were  made  on  the  rate  of  the  decomposi- 
tion of  stock  solutions  of  potassium  iodide  and  cadmium  potas- 
sium iodide  under  laboratory  conditions.     N/10  solutions  were 

lE.  g.  by  Abegg  and  by  Merck  (1907  Index,  p.  110). 
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kept  in  the  ordinary  diffused  light  of  the  laboratory  for  two 
months,  at  the  end  of  which  time  the  following  comparative 
results  were  obtained  in  g.  of  iodine : 

Potassium  iodide.  Cadmium  potassium  iodide. 

0.00053  0.00046 

A  series  of  experiments  was  then  made  on  the  relative  stability 
of  cadmium  potassium  iodide  toward  various  reagents^  A  10 
per  cent  solution  was  prepared  and  the  following  tests  were  made 
with  2  cc.  quantities,  the  exposures  being  to  diffused  daylight 
during  the  daytime: 

1.  With  2  cc.  of  hydrochloric  acid  (density,  1.20),  no  per- 
ceptible reaction  occurred  until  after  30  hours. 

2.  With  2  cc.  of  sulphuric  acid  (density,  1.84)  a  yellow  colora- 
tion resulted  at  once. 

3.  With  2  cc.  of  10  per  cent  sulphuric  acid,  after  two  days,  the 
reaction  was  as  strong  as  in  6. 

4.  With  2  cc.  of  concentrated  nitric  acid,  the  reaction  was 
immediate. 

5.  With  2  cc.  of  1 :10  nitric  acid,  a  reaction  resulted. 

6.  With  2  cc.  of  1 :50  nitric  acid,  a  reaction  occurred  after  40 
hours. 

7.  Nitrogen  tetroxide  was  found  to  give  a  prompt  reaction, 
being  apparently  the  same  as  in  the  case  of  potassium  iodide, 

8.  An  equal  volume  of  99.5  per  cent  acetic  acid  gave  no  separa- 
tion of  iodine  even  after  5  days. 

9.  With  10  cc.  of  dilute  hydrochloric  acid,  a  slight  reduction 
was  noted  after  three  days.  A  10  per  cent  potassium  iodide 
solution  treated  in  the  same  way  gave  a  strong  reaction  over  night. 

10.  Two  small  flasks  were  1/3  filled  with  (Ai)  10  per  cent 
potassium  iodide  and  (Bi)  10  per  cent  cadmium  potassium  iodide, 
and  then  exposed  to  diffused  sunlight.  After  three  days,  there 
was  a  faint  yellow  coloration  in  Ai,  but  no  separation  of  iodine  in 
Bi.     Titration  gave  the  following  results: 

After  3  days         Cc.  N/100  NasSaOa  Ai  Bi 

per  10  cc.  sol.  0.16  None. 

After  7  days  2  0.70  0.15 

iThe  results  recorded  are  at  least  the  result  of  duplicate  experiments. 
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11.  As  in  No.  10  except  that  to  each  0.10  cc.  hydrochloric  acid 
(density  1.20)  was  added.  After  two  days,  the  Hquids  were 
withdrawn  and  the  free  iodine  determined. 

Aa  Ba 

(10  per  cent  KI)  (10  per  cent  CdKIs) 

Cc.  N/100  NaaSaOg 

per  10  cc.  sol.  1.25  0.19 

12.  1  cc.  of  N/4  hydrochloric  acid  was  added  to  10  cc.  each 
of  potassium  iodide  and  cadmium  potassiimi  iodide  in  10  per 
cent  solution,  and  the  solutions  were  then  placed  in  the  sunlight. 
After  four  days'  exposure,  the  results  were : 

Ai  Ba 

(10  per  cent  KI)  (10  per  cent  CdKIj) 

Cc.  N/100  Na^  S2O3 
per  10  cc.  sol.  19.91  1.88 

13.  Replacing  the  hydrochloric  acid  with  99.5  per  cent  acetic 
acid,  the  following  results  were  obtained  after  four  days'  exposure: 

A4  B* 

(10  per  cent  KI)  (10  per  cent  CdKIg) 

Cc.  N/100  Na^SzOa 
per  10  cc.  sol.  9.63  2 .  12 

14.  Following  the  same  procedure,  except  that  an  equal 
volume  of  N/8  hydrochloric  acid  was  added  in  each  case,  the 
results  were  after  five  days: 

As  B5 

(10  per  cent  KI)  (10  per  cent  CdKL) 

Cc.  N/100  NaaSaOa 

per  10  cc.  sol.  33.22  14.20 

The  above  experimental  results  demonstrate  the  comparatively 
high  stability  of  cadmium  potassium  iodide,—  a  fact  which  would 
seem  to  be  of  importance  in  the  selection  of  a  reagent  for  the 
determination  of  ozone,  especially  since  we  have  found  that  the 
compoxmd  is  a  sufficiently  sensitive  reagent  for  the  detection 
of  nascent  oxygen.  It  has  been  shown  that  in  diffused  sunlight 
the  action  of  mineral  acids  on  cadmium  potassium  iodide  is  of 
the  following  order:  nitric  acid  reacts  rapidly,  while  sulphuric 
and  hydrochloric  acids  react  much  more  slowly,  although  sul- 
phuric acid  reacts  with  greater  velocity.     No  attempt  was  made 


l] 


Congress  of  Applied  Chemistry 


57 


to  maintain  the  oxygen  concentration  constant,  but  all  the  ex- 
periments were  run  under  identical  conditions,  and  thus  the  rela- 
tive stability  of  the  solutions  experimented  with  are  on  a  com- 
parative basis.  Since  Schwezoff^  has  shown  that  equivalent 
quantities  of  sodium,  potassium  and  cadmium  iodides  under 
similar  conditions  evolve  equal  quantities  of  iodine,  this  point 
was  not  determined. 

Some  experiments  were  also  made  on  the  chemical  action  of 
ultra-violet  light  upon  cadmium  potassium  iodide  and  potassium 
iodide  solutions.  One  hundred  cc.  portions  of  the  solutions  and 
10  cc.  of  starch  solutions  were  exposed  to  the  rays  from  a  Cooper- 
Hewitt  quartz  lamp  in  porcelain  vessels,  with  the  following  results : 


Concentration 

of  solutions  run 

side  by  side. 

Results  with  Potassium 
Iodide. 

Results  with  Cadmium 
Potassium  Iodide. 

Saturated 

After  an  exposure  of 

Negative     even     after    40 

5    minutes,     1.0    cc. 

minutes. 

N/10      Na^SaOs      re- 

quired. 

N/IO 

Traces  of  iodine  in  20 

Traces  of  iodine  in  3  minutes 

to  30  seconds.     In  5 

when  the  lamp  was  started 

minutes,      0.05       cc. 

with  the  experiment;  titrat- 

N/10  NazSaOa 

able  amount  of  iodine  in  10 

required. 

minutes,  0.03  cc.  NaaSaOa. 
When  the  experiment  was 
started  after  the  lamp  had 
been  running  30  minutes,  a 
faint  reaction  was  noted  in 
30  seconds  and  0.04  cc. 
Na^SaOs  were  required  after 
5  minutes. 

N/100 

Traces  of  iodine  in  30 

Traces    of    iodine    in    30 

seconds. 

seconds.  No  difference 
from  KI. 

N/1000 

No     coloration    with 

No    coloration    even    after 

starch  solution  even 

13^2  hours. 

after  25  minutes. 

ij.  Russ.  Phys.  Chem.  Soc,  4^,  219  (1910). 
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These  results  showed  that  N/10  and  N/100  cadmium  potassium 
iodide  is  fully  as  delicate  a  reagent  for  hydrogen  dioxide  and  ozone 
as  are  solutions  of  the  same  strength  of  potassium  iodide.  Our 
results  on  potassium  iodide  solutions  present  differences  with 
those  of  Ross\  but  this  is  probably  to  be  ascribed  to  the  difference 
in  the  form  of  lamp  and  to  the  natural  variability  of  such  results. 
Ross  found  that  ultra-violet  light  alone  probably  liberated  a  very 
small  amount  of  iodine  from  potassium  iodide;  his  observations 
are,  in  our  opinion,  to  be  ascribed  to  the  formation  of  hydrogen 
dioxide. 

II. 

THE    EMPLOYMENT     OP    CADMIUM    POTASSIUM    IODIDE     AS     A 
REAGENT  IN  THE  ESTIMATION  OF  OZONE. 

In  the  first  experiments  the  air  to  be  ozonized  was  taken  from 
a  water  gasometer  and  passed  through  the  system  including  an 
ozonizer  and  a  Meyer  bulb  apparatus,  the  latter  being  connected 
with  the  ozonizing  apparatus  by  means  of  a  ground  glass  joint. 
The  type  of  ozonizer  employed  was  not  very  efficient,  as  is  shown 
by  the  results  obtained^ : 

With  neutral  N/10  KI  With  neutral  N/10  CdKIj 

Mg.  ozone  per  liter 0 .  36         0 .  33 

With  acid  (HCl)  N/10  KI  With  acid  N/10  CdKIg 

Mg.  ozone  per  liter 0 .  42         0 .  34 

It  will  be  seen  that  the  results  with  acid  potassium  iodide  were 
high,  while  those  obtained  in  using  cadmium  potassium  iodide, 
although  slightly  lower  than  those  found  by  using  neutral  potas- 
sium iodide,  were  about  the  same  whether  neutral  or  acid  N/10 
solutions  were  used.  Alkaline  solutions  were  found  to  be  unre- 
liable, as  the  end-point  is  difficult  to  determine  and  a  precipitate 
results  in  the  case  of  cadmium  potassium  iodide. 

In  further  experiments,  a  different  type  of  "silent  discharge" 

a.  Am.  Chem.  Soc,  S8,  No.  6;  Chem.  News,  94,  245. 

'All  analytical  results  are  the  average  of  a  series  of  runs;  in  no  case  were 
other  than  duplicate  analyses  made,  and  these  invariably  checked 
satisfactorily. 
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ozonizer  was  used;  this,  operated  on  a  storage  battery  circuit  at 
22-23  volts,  gave  much  more  satisfactory  yields  of  ozone.  In  the 
runs  which  were  made,  the  ozone  was  absorbed,  except  where 
noted  to  the  contrary,  and  the  iodine  liberated  by  agitation  of 
the  absorbent  with  the  iodide  solution  was  then  determined 
by  titration  with  standard  sodium  thiosulphate  solution. 

1.  One-half  liter  of  air  was  ozonized  and  turpentine  (157°  to 
165°  C.)  was  used  as  the  absorbent.  The  amount  of  iodine 
liberated  from  neutral  N/10  potassium  iodide  was  then  determined. 
Cc.  of  N/10  NaaSaOs  required  =29.48  =  140.1  mg.  ozone. 

2.  Run  under  the  same  conditions.  Cc.  of  N/10  Na2S203  = 
29.70=143.2  mg.  ozone. 

3.  Run  under  the  same  conditions.  Cc.  of  N/10  Na2S203  = 
29.71  =143.2  mg.  ozone.  In  Nos.  2  and  3,  20  minutes  were  found 
to  be  sufficient. 

4.  Run  under  the  same  conditions,  but  using  neutral  N/10 
cadmium  potassium  iodide  solution.  Cc.  of  N/10  Na2S203  = 
25.5. 

5.  As  in  No.  4.     Cc.  of  N/10  Na^SaOs  =25.5. 

6.  As  in  No.  4.     Cc.  of  N/10  Na^SaOg  =25.6. 

7.  As  in  No.  1,  but  adding  10  per  cent  of  N/20  hydrochloric 
acid  to  the  potassium  iodide  solution.  Cc.  of  N/10  Na2S203  = 
34.8  and  34.75. 

8.  As  in  No.  4,  but  adding  10  per  cent  of  N/20  hydrochloric 
acid  to  the  cadmium  potassium  iodide  solution.  Cc.  of  N/10 
Na2S203  =27.21  and  27.20. 

In  other  experiments,  alkaline  iodide  solutions  were  found  to 
be  totally  unsatisfactory;  vegetable  oils  were  found  to  be  unsuit- 
able for  the  absorption  of  ozone;  and  the  use  of  anesthetic  ethyl 
ether  gave  low  results  (20.00  and  18.5  cc.  N/10  Na2S203  when  used 
as  in  No.  4)  and  a  slow  evolution  of  iodine  from  acid  or  neutral 
solutions.  A  higher  turpentine  fraction  (165°  to  185°)  than  that 
used  before  gave  accurate  results,  but  a  longer  time  was  required 
to  complete  a  run. 

It  is  shown  that  acid  potassium  iodide  solutions  always  give 
high  results,  and  that  the  results  obtained  by  the  use  of  both 
neutral  and  acid  N/10  cadmium  potassium  iodide  solutions  are 
lower  than  those  by  means  of  neutral  potassium  iodide  solutions, 
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a  result  attributable  to  the  greater  stability  of  the  cadmium 
potassium  iodide  towards  light  and  certain  Ukely  contaminants 
of  ozonized  air.  We  believe  that  cadmium  potassium  iodide 
solution  acidified  with  hydrochloric  acid  is  a  more  reliable  reagent 
than  potassium  iodide  in  neutral  solution;  its  employment  is  only 
necessary,  however,  when  absorption  of  the  ozone  in  turpentine  is 
the  method  followed.  In  the  method  of  Schonbein,  as  used  by 
Ladenburg  and  Quasig,  either  neutral  or  acid  solutions  of  cadmium 
potassium  iodide  may  be  used;  sharp  end-points  are  obtained  and 
the  results  are  not  too  high. 
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I.  INTRODUCTION 

1.    IMPORTANCE  OF  ACCURATE  MANGANESE  DETERMINATIONS 

In  spite  of  the  large  number  of  methods  in  use  for  the  determi- 
nation of  this  important  element,  results  by  different  methods 
and  different  chemists  seldom  show  satisfactory  agreement. 
While  differences  of  as  much  as  a  few  per  cent  of  the  manganese 
present  have  little  commercial  significance  in  iron  and  steel  con- 
taining one  per  cent  or  less  of  manganese,  the  highest  possible 
accuracy  is  demanded  in  the  analysis  of  high-grade  materials 
such  as  manganese  ore  and  ferro-manganese,  of  which  large 
amounts  enter  into  commerce,  at  prices  dependent  upon  the  results 
of  analysis.  For  example,  imports  of  manganese  ore  by  this 
country  in  1911  amounted  to  176,852  long  tons,  valued  at  $1,186,- 
791.  It  can  readily  be  seen  that  a  constant  error  of  one  per  cent 
in  the  analyses  of  such  material  may  cause  a  considerable  difference 
in  the  total  amount  paid  for  the  ores.  That  constant  errors  of 
such  magnitude  are  possible  with  our  present  methods  will  be 
shown  in  this  paper. 

2.     SOURCES  OF  ERROR  IN  GRAVIMETRIC  METHODS 

Even  with  the  greatest  care,  the  gravimetric  results  are  not 
necessarily  accurate,  due  not  alone  to  the  possibilities  of  losses 
by  solubility  of  precipitates,  and  of  too  high  weight  due  to  con- 
tamination from  vessels  or  reagents;  but  also  to  uncertainty  in 
the  composition  of  the  precipitates  as  weighed.  The  three  forms 
in  which  manganese  is  most  commonly  determined  gravimetrically 
are  Mn304,  Mn2P207  and  MnS04.  It  is  generally  admitted  that 
the  first  of  these  is  unsatisfactory,  as  the  composition  depends 
directly  upon  the  temperature  of  the  ignition  and  the  nature  of 
the  atmosphere  surrounding  the  precipitate.  Even  under  care- 
fully regulated  conditions  Raikow  and  Tischkow^  could  not 
obtain  results  which  agreed  to  better  than  one  part  in  two  hundred. 
Gooch  and  Austin^  have  shown  that  the  composition  of  manganese 
"pyrophosphate"  depends  upon  the  content  of  ammonium  salts 
and  ammonia  and  the  temperature,  volume,  and  method  of  pre- 

'Chem.  Ztg.,  35,  1013  (1911). 
^Am.  J.  Sci.,  6,  233  (1898). 
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cipitation  of  the  manganese  ammonium  phosphate.  Even  under 
the  conditions  which  they  recommend,  their  errors  amounted  in 
some  cases  to  one  per  cent  of  the  manganese  present,  and  were 
in  general  too  high.  The  method  cannot  therefore  be  considered 
satisfactory  for  highly  accurate  work;  and  certainly  not  for  ob- 
taining a  kno-s\ai  amount  of  manganese  to  serve  as  a  primary 
standard.  Experiments  described  in  this  paper  have  led  to  the 
conclusion  that  manganous  sulphate,  obtained  under  proper 
conditions,  is  the  most  accurate  form  in  which  this  element  can 
be  weighed,  both  in  gravimetric  analysis  and  in  securing  a  known 
amount  of  manganese. 

3.      SOURCES     OF     ERROR     IN     VOLUMETRIC     METHODS 

The  difficulty  of  securing  a  known  amount  of  manganese  to 
serve  as  a  primary  standard  has  hindered  the  accurate  investi- 
gation of  the  great  number  of  volumetric  methods  which  have  been 
proposed.  In  most  cases  they  have  been  tested  by  comparison 
with  other  methods,  gravimetric  or  volumetric,  which  had  not 
been  shown  to  be  intrinsically  accurate.  This  fact,  together  with 
the  usual  dependence  of  the  results  of  such  methods  upon  the 
precise  conditions  of  operation,  has  led  to  the  publication  of  a 
large  number  of  contradictory  papers  upon  these  methods.  For 
example,  the  Volhard  method  and  its  various  modifications  have 
been  the  subject  of  over  fifty  investigations  since  its  publication 
in  1879.  It  is  generally  admitted  that  the  results  by  this  method 
are  low  imless  an  empirical  factor  dependent  upon  the  conditions 
of  operation  is  employed,  though  some  investigators  have  obtained 
theoretical  results  under  certain  conditions.  In  view  of  the  above 
situation,  it  is  highly  desirable  to  find  some  method  which  will 
yield  results  of  known  accuracy,  which  are  not  closely  dependent 
upon  the  exact  conditions  of  operation,  and  which  may  serve  to 
test  other  methods. 

II.  THE  BISMUTHATE  METHOD 

1.    OUTLINE    OF   METHOD 

Of  various  methods  considered,  the  bismuthate  appeared  most 
promising,  and  has  been  found  to  entirely  fulfill  the  above  require- 
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ments.  In  this  method  the  manganese  in  nitric  acid  solution  is 
oxidized  with  sodium  bismuthate,  of  which  the  excess  is  removed 
by  filtration  through  asbestos.  To  the  resulting  permanganic 
acid  is  added  a  measured  excess  of  ferrous  sulphate  solution, 
which  is  then  titrated  with  permanganate  of  known  strength  and 
of  known  ratio  to  the  ferrous  solution.  The  investigation  there- 
fore resolved  itself  into  a  study  of  the  methods  of  standardizing 
the  permanganate  employed  in  the  final  titration  and  the  influence 
of  the  various  conditions  of  operation  upon  the  results  obtained 
by  the  bismuthate  method. 

2.       HJ53TORY   OF   METHOD 

The  method  as  originally  prepared  by  Schneider^  depended  upon 
the  use  of  bismuth  tetroxide  as  the  oxidizing  agent  and  titration 
of  the  permanganic  acid  with  hydrogen  peroxide.  In  this  form 
the  method  was  employed  by  Campredon,^  Mignot'  and  Jabou- 
lay.'*  Reddrop  and  Ramage^  modified  it  by  employing  sodium 
bismuthate,  which  was  more  readily  obtained  free  from  chlorine, 
and  suggested  filtration  of  the  permanganic  acid  directly  into 
the  hydrogen  peroxide.  On  account  of  the  instability  of  the  latter 
reagent  Ibbotson  and  Brearley^  replaced  it  by  ferrous  ammonium 
sulphate,  in  which  form  the  method  has  been  since  used,  being 
described  in  detail  by  Blair'',  whose  directions  for  this  method 
are  generally  followed  in  this  country. 

3.    STANDARDIZATION   OF   SOLUTION 

(a)  Discussion  of  Methods. — As  above  stated,  the  accuracy  of 
any  such  volumetric  method  depends  principally  upon  the  method 
of  standardization  employed.     Blair^  mentions  in  his  book  three 

>Ding.  Poly.  Jour.  269,  224. 

^Rev.  Chim.  Indust.,  9,  306  (1898). 

^Ann.  Chim.  anal.  6,  172  (1900). 

*Rev.  gen.  chim.,  6,  119  (1903). 

6jour.  Chem.  Soc.  67,  268  (1895). 

"Chem.  News,  84,  247  (1901). 

'Jour.  Am.  Chem.  Soc.  26,  793  (1904)  and  "Chemical  Analysis  of  Iron." 
6th  and  7th  ed. 

*In  the  appendix  of  the  1912  edition,  p.  330,  Blair  recommends  the  stand- 
ardization with  sodium  oxalate,  under  approximately  the  conditions  given  by 
McBride,  as  the  most  accurate  method;  a  conclusion  based  upon  the  work 
described  in  this  paper. 
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methods,  viz. :  (a)  calculation  from  the  iron  value,  (b)  use  of  a 
steel  of  known  content,  and  (c)  use  of  a  known  amount  of  man- 
ganous  sulphate;  without  expressing  any  preference,  or  opinions 
as  to  their  relative  accuracy.  Standardization  by  means  of  sodium 
oxalate  may  be  included  under  (a)  since  values  found  with  this 
standard  under  proper  conditions^  have  been  found  at  this  Bureau 
to  agree  with  iron  values  within  one  part  in  a  thousand^.  Method 
(b)  is  a  secondary  method  and  is  evidently  unsuitable  for  work 
of  high  accuracy.  As  will  be  shown  later,  the  standardization  of 
manganous  sulphate  is  a  tedious  operation  and  subject  to  con- 
siderable errors.  For  this  reason  sodium  oxalate  was  considered 
at  this  Bureau  to  be  the  most  convenient  and  accurate  standard 
for  this  method.  Brinton^  however  stated  that  there  was  a  dif- 
ference of  one  per  cent  (at  first  stated  as  over  three  per  cent) 
between  the  values  based  upon  sodium  oxalate  and  manganese 
sulphate  respectively.  In  a  paper  from  this  Bureau  by  Dr.  W.  F. 
Hillebrand  and  the  author*  the  reasons  for  our  behef  in  the 
accuracy  of  the  sodium  oxalate  standard  were  expressed  in  the 
form  of  a  preliminarj'"  paper,  the  conclusions  of  which  have  been 
verified  by  subsequent  investigations  described  in  this  paper. 

(6)  Evidence  based  on  Reduction  and  Reoxidation. — The  original 
basis  of  our  use  of  the  sodium  oxalate  standard  for  this  method 
was  the  fact  that  if  a  definite  amount  of  a  permanganate  solution 
be  reduced  and  then  reoxidized  by  means  of  the  bismuthate  method 
it  is  exactly  equivalent  in  oxidizing  power  to  the  original  perman- 
ganate. This  experiment  was  based  upon  a  similar  one  suggested 
by  Wolffs  and  employed  by  de  Koninck^  for  testing  the  accuracy 
of  the  Volhard  method  for  manganese.  Its  significance  as  appHed 
to  the  bismuthate  method  is  that  the  manganese  is  oxidized  to  the 
same  state  of  oxidation  as  was  originally  present  in  the  permanga- 
nate, theoretically  Mn^".  In  the  absence  of  evidence  to  the  con- 
trary it  seems  highly  improbable  that  any  appreciable  man- 
ganese can  be  present  in  a  filtered  permanganate  solution  in  a  form 

'McBride:  Jour.  Am.  Chem.  Soc,  34,  415  (1912). 

^See  Bureau  of  Standards  Certificate  for  Sibley  Iron  Ore,  Standard  Sample 
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3 Jour.  Ind.  Eng.  Chem.,  3,  237  and  376  (1911). 
*Jour.  Ind.  Eng.  Chem.,  S,  374  (1911). 
^Stahl  u  Eisen,  11,  373  (1891). 
"Bull.  Soc.  Chim.  Belg.,  118,  56  (1904). 
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other  than  Mn''",  and  still  less  probable  that  in  an  entirely  dif- 
ferent medium  the  manganese  should  be  oxidized  by  bismuthate 
to  the  same  state  of  oxidation,  other  than  Mn""".  Since,  however, 
at  least  two  persons  in  addition  to  Brinton  had  observed  a  dis- 
crepancy of  the  order  of  one  per  cent  between  the  sodium  oxalate 
and  manganese  sulphate  values,  the  subject  deserved  further 
investigation;  not  alone  from  the  standpoint  of  the  manganese 
determination,  but  also  as  possibly  throwing  light  upon  the  com- 
position of  permanganate  solutions  and  their  action  as  oxidizing 
agents.  At  this  point  it  may  be  mentioned  that  the  original 
observations  regarding  the  reduction  and  reoxidation  of  the 
permanganate  have  been  confirmed  entirely,  with  solutions 
Ai,  B,  E  and  G,  prepared  as  shown  on  p.  67. 

4.     Preparation  of  Materials  and  Solutions 

(a)  Water. — Water  used  in  the  purification  of  permanganate 
and  in  the  preparation  of  all  the  permanganate  solutions  except 
I  and  K  was  distilled  three  times,  the  last  two  being  from  alkaline 
permanganate.  Water  used  for  the  rest  of  the  work  was  ordinary 
distilled  water  of  good  grade. 

(6)  Air. — The  air  used  to  deliver  the  solutions  from  the  stock 
bottles  was  washed  with  acid  bichromate  solution  and  alkaline 
permanganate  followed  by  a  column  of  glass  wool. 

(c)  Asbestos. — The  asbestos  used  in  the  filtration  of  the  per- 
manganate solutions  and  in  the  bismuthate  method  was  digested 
for  several  days  with  hydrochloric  acid,  which  was  finally  removed 
by  thorough  washing  with  hot  water.  It  was  then  suspended  in 
water  and  the  finest  portions  separated  and  used  in  this  work. 
For  a  few  of  the  experiments  this  asbestos  was  ignited,  without 
making,  however,  any  appreciable  difference  in  the  results.  A 
two-inch  platinum  cone,  arranged  as  suggested  by  Blair^  was  used 
for  preparing  the  filter. 

(d)  Potassium  Permanganate. — Two  commercial  samples  of 
potassium  permanganate  were  employed,  Baker  &  Adamson's 
C.  P.  salt,  and  Kahlbaum's  "K"  grade.  A  portion  of  the  former 
was  purified  by  two  recrystallizations  in  Jena  glass  flasks,  the 
solutions  being  electrically  heated,  and  filtered  through  ignited 
asbestos  just  before  being  allowed  to  crystallize.    The  fine  crystals 

'"Chemical  Analysis  of  Iron."     7th  ed.  p.  123. 
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so  obtained  were  sucked  dry  on  a  platinum  cone  and  were  then 
exposed  in  a  thin  layer  in  the  dark  for  four  weeks  in  a  vacuum 
desiccator  over  concentrated  sulphuric  acid,  the  vacuum  being 
maintained  at  approximately  two  centimeters.  In  spite  of  this 
long  drying,  the  material  was  found  to  contain  0.38%  water  as 
determined  by  heating  to  decomposition  and  collecting  the  water 
in  a  weighed  calcium  chloride  tube.  When  dissolved  in  pure  water 
and  immediately  filtered  through  asbestos,  the  solution  left  a 
shght  stain  upon  the  filter.  After  thorough  washing  this  stain  was 
dissolved  off  with  sulphurous  acid,  and  its  manganese  content 
determined  colorimetrically,  being  equal  to  about  0.01%,  i.e., 
a  neghgible  quantity.  Numerous  attempts  to  prepare  a  perman- 
ganate solution  which  would  leave  absolutely  no  stain  upon  as- 
bestos proved  unsuccessful.  Whether  such  stains  were  due  to  the 
action  of  the  asbestos  itself  as  claimed  by  Tscheishvili^,  or  to 
reduction  of  the  permanganate  by  traces  of  dust  or  other  reducing 
substances,  could  not  be  determined.  The  amount  of  such  reduc- 
tion was  however  neghgible,  and  far  less  than  that  observed  by 
TscheishviU. 

(e)  Permanganate  Solutions  were  prepared  by  dissolving  a 
weighed  amount  of  the  salt  in  water;  and  in  the  case  of  the  commer- 
cial samples,  filtering  through  asbestos  to  remove  manganese 
peroxide,  etc.  They  were  then  made  up  to  a  definite  weight  of 
solution,  since  the  subsequent  analyses  were  conducted  entirely 
with  weight  burettes. 

The  following  solutions  were  employed  in  the  investigation: 

TABLE   I.    Permanganate  Solutions  Used 


Solution 

Approximate  Strength 

KMnOi 

H20 

Preserved 

Ai 

0.03N 

Purified 

Purified 

Dark 

Ai 

0.03N 

Purified 

Purified 

Dark 

B 

0+1%  KOH 

Purified 

Purified 

Dark 

E 

O.IN 

Purified 

Purified 

Dark 

G 

O.IN 

B&A 

Purified 

Dark 

I 

O.IN 

B&  A 

Ordinary 

Light 

K 

O.IN 

Kahlbaum 

Ordinary 

Light 

ij.  Russ.:  Phys.  Chem.,  See,  4£,  856  (1910). 
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These  solutions  were  preserved  in  stock  bottles  provided  with 
an  inlet  and  exit  tube  with  ground  glass  joint  as  in  an  ordinary 
gas  wash  bottle.  To  the  inlet  tube  was  sealed  a  U-tube  containing 
some  of  the  same  solution  as  was  in  the  bottle,  thereby  preventing 
changes  in  concentration  of  the  latter.  The  exit  tube  was  pro- 
vided with  a  three-way  stop  cock  and  a  tip  by  which  the  solution 
could  be  delivered  to  the  weight  burette  by  means  of  purified 
compressed  air. 

(/)  Stability  of  Permanganate  Solutions. — At  first  it  was  thought 
necessary  to  protect  these  solutions  with  black  paper,  but  later 
experiments  showed  that  in  the  course  of  several  months  no  ap- 
preciable decomposition  took  place  in  the  solutions  exposed  to 
diffused  daylight,  provided  they  were  first  freed  from  peroxide 
and  were  protected  from  dust  and  other  reducing  substances, 
and  that  only  purified  air  entered  the  bottles.  Solution  I,  for 
example,  prepared  from  ordinary  distilled  water,  and  permanga- 
nate containing  appreciable  peroxide,  which  was  removed  by  a 
single  filtration  through  asbestos,  did  not  suffer  decomposition 
within  the  hmits  of  observation  (one  part  in  two  thousand), 
on  standing  for  two  months  without  protection  from  the  light; 
even  though  it  was  intentionally  exposed  to  bright  sunlight  for 
several  hours  soon  after  it  was  prepared.  In  connection  with  this 
observation,  which  simply  confirms  previous  work  of  others^, 
it  is  desirable  to  call  attention  to  another  point  in  connection  with 
the  stability  of  permanganate  solutions,  which  so  far  as  I  know 
has  not  been  previously  noted,  or  published.  Under  conditions 
which  rapidly  reduce  neutral  permanganate  solutions,  e.g.,  the 
presence  of  dust,  reducing  gases,  or  precipitated  peroxide,  decom- 
position is  greatly  retarded  by  the  addition  of  a  small  amount 
of  alkali.  It  was  upon  the  basis  of  this  observation,  first  noted 
qualitatively,  that  solution  B  was  prepared  with  one  per  cent, 
of  potassium  hydroxide.  Results  with  this  solution  were  entirely 
satisfactory,  but  since  the  other  solutions,  when  protected  from 
reducing  substances,  were  perfectly  stable,  the  use,  of  alkaline 
solutions  for  this  work  was  found  unnecessary.    Under  commercial 

iMorse,  Hopkins  &  Walker:  Am.  Chem.  J.,  IS,  401  (1896).  Gardner  and 
North:  J.  Soc.  Chem.  Ind.,  23,  599  (1904).  Warynski  &  Tscheishvih-Jour. 
Chim.  phys.,  6,  567  (1908). 
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conditions,  however,  where  it  is  not  always  practicable  to  protect 
the  solutions,  the  addition  of  a  small  amount  of  alkali  will  add  to 
their  stability. 

(g)  Manganese  Sulphate. — Pure  material  was  prepared  from 
300  grams  of  Kahlbaum's  crystaUized  manganese  sulphate  ("Zur 
analyse"),  the  operations  being  conducted  entirely  in  platinum. 
It  was  dissolved  in  water  and  filtered  to  remove  a  small  amount 
of  insoluble  matter.  It  was  next  saturated  with  hydrogen  sul- 
phide, producing  a  small  amount  of  a  black  precipitate  which 
was  found  to  contain  copper.  Additional  hydrogen  sulphide 
and  a  small  amount  of  ammonia  produced  a  precipitate  entirely 
pink,  which  was  filtered  out.  The  hydrogen  sulphide  was  expelled, 
a  few  drops  of  sodium  hydroxide  were  added  and  the  solution 
was  boiled  and  filtered;  the  precipitate  being  found  to  contain 
iron.  This  last  operation  was  twice  repeated,  the  third  precipitate 
being  free  from  iron.  An  excess  of  pure,  freshly  prepared  am- 
monium carbonate  was  then  added  and  the  precipitate  of  MnCOs 
washed  with  hot  water,  by  decantation  and  suction,  till  free  from 
sulphate.  It  was  dissolved  in  a  sHght  excess  of  hydrochloric  acid 
and  crystallized  twice  as  MnCl2,  4H2O  (at  — 5°).  The  latter  crystals 
were  treated  with  an  excess  of  sulphuric  acid,  and  heated  in  a 
double-walled  platinum  dish  till  almost  all  the  excess  sulphuric 
acid  was  expelled.  The  product  was  entirely  soluble  in  water,  and 
contained  a  slight  excess  of  sulphuric  acid  as  determined  in  sub- 
sequent tests  (Table  II  A,  p.  74). 

(h)  Sodium  Oxalate. — Two  samples  were  employed,  one  which 
had  been  especially  purified  by  the  author  for  a  previous  investi- 
gation^  and  a  larger  sample  prepared  especially  for  this  Bureau, 
and  which  was  found  to  have  a  reducing  value  equal  to  the  former, 
within  the  limits  of  one  part  in  two  thousand. 

(^)  Ferrous  Sulphate  and  ferrous  ammonium  sulphate  were 
employed  indiscriminately  after  it  was  found  that  the  solutions 
possessed  about  the  same  stability.  The  C.P.  salts  as  purchased 
were  employed,  since  their  exact  composition  was  not  important. 
For  use  with  0.03N  permanganate,  the  solution  was  prepared 
according  to  Blair,  with  12.4g  ferrous  ammonium  sulphate  (or 
8.8g  crystallized  ferrous  sulphate)  and  50  cc.  concentrated  sul- 

'Blum:  Jour.  Am.  Chem.  Soc,  34,  123  (1912). 
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phuric  acid  per  kilogram  of  solution.  For  use  with  O.IN  perman- 
ganate, a  solution  containing  39.2g  ferrous  ammonium  sulphate 
(or  27. 8g  ferrous  sulphate)  and  50  cc.  concentrated  sulphuric 
acid  per  kilogram  was  prepared.  If  phosphoric  acid  was  employed, 
as  recommended  by  Dudley^  it  replaced  half  of  the  sulphuric 
acid  in  the  0.03N  solutions;  but  was  added  in  addition  to  the 
regular  amount  of  sulphuric  acid  in  the  O.IN  solutions. 

Stability  of  the  Ferrous  Sulphate  Solution.  Incidental  obser- 
vations upon  the  change  in  strength  of  0.03N  ferrous  ammonium 
sulphate  indicated  that  the  rate  of  oxidation,  though  slow,  was 
erratic,  due  no  doubt  to  variation  in  the  extent  of  its  exposure 
to  air.  With  O.IN  ferrous  sulphate  and  ferrous  ammonium  sul- 
phate, the  daily  rate  of  oxidation  under  the  conditions  used  was 
approximately  one  part  in  five  hundred,  i.e.,  about  one  per  cent 
in  five  days,  over  considerable  periods.  This  rate  will  depend 
no  doubt  upon  the  conditions  of  its  preservation,  and  is  of  interest 
only  as  indicating  how  often  its  strength  should  be  checked  up 
for  work  of  any  desired  degree  of  accuracy.  Ratios  obtained  at 
the  beginning  and  end  of  various  series  of  determinations  showed 
that  no  appreciable  change  took  place  in  a  period  of  a  few  hours, 
thus  confirming  the  observation  of  Baskerville  and  Stevenson^. 

(j)  Nitric  Acid  of  regular  C.P.  grade  was  employed;  in  the 
concentrated  form,  and  diluted  to  twenty-five  per  cent  and  three 
per  cent  by  volume.  The  former  two  solutions  were  preserved 
in  the  dark,  since  it  has  been  recently  shown  by  Rejaiolds  and 
Taylor^  that  nitric  acid  as  weak  as  ten  per  cent  is  decomposed  by 
light,  but  that  recombination  takes  place  in  the  dark. 

(k)  Bismuthate.— Two  samples  of  C.P.  sodium  bismuthate 
were  employed,  one  from  Baker  &  Adamson  and  one  from  Eimer 
and  Amend.  These  two  samples  differed  very  markedly  in  ap- 
pearance, the  former  being  dark  brown  and  the  other  yellow. 
In  spite  of  this  fact,  no  difference  could  be  detected  between  them 
as  regards  their  suitability  for  this  oxidation.  It  is  well  to  mention 
however  that  this  compound,  of  more  or  less  indefinite  composition, 
is  somewhat  unstable,  and  if  preserved  for  over  six  months  should 
be  tested  for  its  efficiency  of  oxidation. 

'Blair:  "Chemical  Analysis  of  Iron,"  7th  ed.,  p.  125. 
2Jour.  Am.  Chem.  Soc,  33,  1104  (1911). 
''Jour.  Chem.  Soc,  101,  131  (1912). 
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(1)  Ferric  Nitrate. — In  order  to  test  the  effect  of  ferric  salts 
upon  this  method,  it  was  necessary  to  obtain  iron,  or  some  salt 
di  iron  which  was  free  or  practically  free  from  manganese.  This 
proved  to  be  a  difficult  task,  and  after  testing  American  ingot 
iron,  and  a  large  number  of  ferrous  and  ferric  salts,  the  only  one 
found  satisfactory  was  a  sample  of  Merck's  crystallized  ferric 
jhloride,  which  contained  less  than  0.001%  manganese.  To 
convert  this  to  nitrate,  it  was  first  converted  to  sulphate  by 
?vaporation  to  the  appearance  of  fumes  with  an  excess  of  sul- 
ahuric  acid,  and  the  sulphate  was  precipitated  with  ammonia, 
rt^ashed  and  dissolved  in  nitric  acid.  The  resulting  salt  was  free 
Tom  chloride  (of  which  traces  interfere  in  the  bismuthate  method) 
md  contained  only  a  small  amount  of  sulphate  (which  is  wdthout 
effect  on  this  method). 

(m)  Use  of  Weight  Burettes. — Simple  weight  burettes  were 
nade  by  drawing  down  the  tips  of  cylindrical  graduated  separa- 
:ory  funnels  (50  and  100  cc).  The  increased  accuracy  gained 
3y  the  use  of  weight  burettes  is  especially  desirable  in  an  operation 
nvolving  a  back  titration,  and  also  the  ratio  of  the  two  solutions 
ised.  Weighings  were  usually  made  to  O.Olg,  except  in  the  case 
)f  the  smaller  amounts  of  manganese  sulphate  solutions,  which 
vere  weighed  to  O.OOSg  or  in  some  cases  O.OOlg.  The  titrations 
were  usually  made  in  Erlenmeyer  flasks  of  convenient  size. 

5.  Standardization  of  Permanganate  with  Sodium  Oxalate 

Nothing  is  to  be  added  to  the  conclusions  of  McBride,^  except 
;o  emphasize  their  relation  to  the  present  problem.  The  conditions 
■ecommended  by  him  for  the  standardization  of  O.IN  permanga- 
late  are  briefly  as  follows:  Volume  of  250  cc.  acidity  2%  sulphuric 
icid  by  volume,  initial  temperature,  80°-90°;  slow  addition  of 
permanganate,  especially  at  beginning  and  end;  final  temperature 
lot  less  than  60°,  and  endpoint  correction  by  comparison  with  a 
3lank  containing  a  known  amount  of  the  permanganate.  His 
statement  that  the  variation  in  results  over  a  wide  range  of  con- 
litions  does  not  exceed  one  part  in  a  thousand,  applies  to  titra- 
ions  involving  the  use  of  about  50  cc.  of  O.IN  permanganate, 
[f,  however,  0.03N  permanganate,  commonly  used  in  the  bismuth- 

>Jour.  Am.  Chem.  Soc,  34,  415  (1912). 
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ate  method,  is  standardized  with  sodium  oxalate,  shght  variations 
in  the  conditions  may  cause  a  relatively  much  larger  error,  es- 
pecially if,  as  is  not  uncommon,  only  about  25  cc.  of  permanganate 
is  employed.  For  standardization  of  0.03N  permanganate,  the 
conditions  of  McBride  were  employed,  except  that  the  initial 
volume  was  75  cc,  instead  of  250cc.,i.e.,  the  oxalate  concentration 
was  about  the  same  as  for  O.IN  permanganate.  In  this  way  the 
uncertainty  in  the  endpoint  caused  by  titrating  in  a  large  volume 
with  weak  permanganate,  can  be  reduced  to  a  minimum.  For 
accurate  work,  however,  the  endpoint  correction  should  be  made 
since  the  object  of  this  titration  is  to  determine  the  absolute 
oxidizing  power  of  the  permanganate.  With  so  small  a  volume 
of  solution  it  is  usually  necessary  to  reheat  it  to  60°-70°  before 
completing  the  titration.  These  conditions,  as  shown  by  McBride, 
represent  a  minimum  consumption  of  permanganate,  i.e.,  the  iron 
or  manganese  values  are  a  maximum.  Any  deviation  from  these 
conditions  will  tend  to  lower  the  iron  or  manganese  values,  which 
it  is  believed  accounts  in  part  for  the  discrepancy  noted  by  Brinton 
and  others  between  values  derived  from  sodium  oxalate  and  from 
manganese  sulphate.  For  calculation  of  the  manganese  value 
from  the  sodium  oxalate,  the  factor  0.16397  was  employed. 

6.    Standardization  on  Permanganate  with 
Manganous    Sulphate 

(a)  Standardization  oj  Manganous  Sulphate  Solutions.— The 
I  two  methods  commonly  used  for  determining  the  strength  of  a 
manganous  sulphate  solution  are  (a)  precipitation  as  manganese 
ammonium  phosphate  and  ignition  to  pyrophosphate,  and  (b) 
evaporation  of  the  solution  and  heating  the  residue  to  a  certain 
temperature.  Unfortunately  both  of  these  will  yield  high  results 
if  the  solution  contains  substances  other  than  manganese  sulphate ; 
whether  in  the  original  salt  or  derived  from  the  glass  in  which  the 
solution  is  preserved.  But  even  with  pure  solutions  the  results 
are  of  uncertain  accuracy,  especially  in  the  case  of  the  pyrophos- 
phate as  above  mentioned  (p.  3).  Weighing  as  sulphate  was  there- 
fore adopted  as  the  means  of  securing  a  known  amount  of  manga- 
nese. The  chief  source  of  uncertainty  here  is  the  temperature  of 
the  final  heating,  a  point  upon  which  the  evidence  is  rather  un- 
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certain  and  contradictory.  Volhard^  was  able  to  obtain  constant 
sveight  with  a  special  burner,  but  not  with  a  Bunsen  burner. 
Marignac^  determined  the  atomic  weight  of  manganese  by 
tieating  the  sulphate  "nearly  to  red  heat."  Meineke^  determined 
bhis  element  as  the  sulphate,  which,  after  being  heated  to  a  tem- 
perature not  stated,  was  completely  soluble  in  water.  Friedheim^ 
tieated  the  salt  to  360°-400°,  while  Gooch  and  Austin^  obtained 
constant  weight  by  heating  in  double  crucibles,  one  centimeter 
apart,  the  outer  one  being  at  red  heat,  a  procedure  since  recom- 
mended by  Treadwell.^  In  determining  the  water  of  crystaUiza- 
tion  of  the  various  hydrates  of  manganous  sulphate,  Thorpe  and 
Watts^  heated  the  salt  to  280°,  Linebarger^  to  170°-180°  and 
CottrelP  to  270°-280°,  though  the  latter  found  that  no  decomposi- 
tion took  place  at  350°.  Richards  and  Fraprie^°  showed,  however, 
that  as  much  as  0.1%  H2O  remained  in  the  salt  after  heating  for 
one  half  hour  at  350°,  but  that  five  minutes'  heating  at  450°  pro- 
duced complete  dehydration  without  decomposition.  Classen^^ 
and  Blair^2  recommend  heating  to  dull  red;  while  Fresenius^^ 
declares  that  accurate  results  can  be  obtained  only  by  chance, 
as  it  is  impossible  to  expel  all  excess  sulphuric  acid  without  de- 
composing the  salt. 

The  following  experiments  were  conducted  to  determine  the 
temperature  to  which  manganous  sulphate  may  and  must  be 
heated,  to  expel  all  the  water  or  excess  sulphuric  acid  and  to  obtain 
the  normal  anhydrous  salt.  About  two  grams  of  the  salt  was 
heated  in  an  open  platinum  crucible  in  a  small  electrically  heated 
muffle,  temperatures  of  which  up  to  400°  were  measured  with  a 
450°  nitrogen-filled  thermometer,  and  above  400°  with  a  platinum- 
rhodium  thermocouple  caHbrated  at  this  Bureau.     The  crucible 

lAnn.  Chem.,  198,  318-64  (1879). 

^Arch.  Sci.  phys.  et  Nat.  3,  10,  25  (1883). 

^Chem.  Ztg.,  9, 1478, 1787  (1885). 

*Z.  anal.  Chem.,  38,  687  (1899). 

^Am.  Jour.  Sci.,  5,  209  (1898). 

"Treadwell  &  Hall:  Quant.  Analysis  II,  104. 

'Jour.  Chem.  Soc,  37,  113  (1880). 

8Am.  Chem.  Jour.,  15,  225  (1893). 

'Jour.  Phys.  Chem.,  4,  637  (1900). 

lOAm.  Chem.  Jour.,  £6,  75  (1901). 

'^"Ausgew.  Meth.  Anatytische  Chem."     I,  p.  363. 

'^"Chem.  Analysis  of  Iron,"  7th  ed.,  p.  126. 

^'Fresenius-Cohn :  "Quant.  Analysis."     I,  p.  297. 
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was  kept  covered  in  the  desiccator  and  upon  the  balance,  where 
it  was  weighed  against  a  similar  crucible  as  a  tare.  The  results 
of  three  series  of  heatings  are  shown  in  Table  II,  the  figures  in 
the  last  column  being  calculated  from  the  weight  which  remained 
practically  constant  from  450°  to  500°. 

TABLE  II 

Temperature  of  Decomposition  of  Manganous  Sulphate 

A 
manganous  sulphate  prepared  as  on  p.  69 
Time  Weight  of  Per  cent  of  Remarks 

Temp.         Hours  MnSOi,  g        Constant  Weight 

300°  1            2.3655  100.10 

350°  16  49  100.07 

420°  2  42  100.04 

420°  2  40  100.03 

420°  17  37  100.02 

480°  4  33  100.00 

480°  17  32  100.00 

540°  4  31  100.00 

550°  18  29  99.99 

620°  4  25  99.97       Slight  darkening 

The  final  product  was  dissolved  in  water  and  the  insoluble 
residue  filtered  out,  washed  and  ignited,  yielding  O.OOOOg  Mn304, 
equivalent  to  0.0004g  Mn,  or  0.001  Ig  MnS04.  The  filtrate  was 
evaporated  for  series  B. 

B 


Time 

Weight 

Per  cent  of 

Remarks 

Temp. 

Hours 

MnS04  g 

Constant  Weight 

300° 

3 

2.3659 

100.15 

340° 

18 

44 

100.10 

400° 

4 

28 

100.03 

440° 

18 

23 

100.00 

480° 

5 

22 

100.00 

480° 

18 

22 

100.00 

570° 

5 

17 

99.98 

Sfight  darkening 

570° 

18 

09 

99.95 

Decided  darkening 

A  few  drops  H2SO3+H2SO4  were  added  to  the  final    product, 
which  was  then  reheated  for  series  C. 
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Temp. 
300° 

Time 
Hours 

4 

Weight 
MnS04  g 

2.3717 

C 

Per  cent  of 
Constant  Weight 

100.40 

320° 
400° 
400° 

17 

5 

17 

690 
41 
34 

100.28 
100.08 
100.05 

460° 

5 

23 

100.00 

460° 
525° 

17 
5 

23 
21 

100.00 
99.99 

525° 
580° 
580° 

17 

5 

17 

19 

17 
08 

99.98 
99.97 
99.94 

Remarks 


Slight  darkening 
Decided  darkening 

From  Table  II  the  following  conclusions  may  be  drawn: 
1 — Manganous  sulphate  does  not  undergo  any  appreciable  de- 
composition upon  prolonged  heating  to  temperatures  up  to  550°. 
2 — At  temperatures  from  550°-600°  (from  incipient  to  dull  redness) 
this  salt  decomposes  slowly.  3 — The  anhydrous  normal  salt  can 
be  obtained  only  by  heating,  for  considerable  periods  at  450°- 
500°,  especially  if  an  excess  of  sulphuric  acid  be  originally 
present.  4  —  Attempts  to  obtain  the  pure  salt  by  heating 
directly  over  a  flame,  or  even  in  a  double  crucible,  without  temper- 
ature regulation  or  measurement,  must  be  subject  to  consider- 
able uncertainty. 

Having  now  a  means  for  obtaining  a  known  weight  of  manga- 
nous sulphate,  solutions  of  known  strength  (from  0.002  to  0.005 
gram  manganese  per  gram  of  solution)  were  prepared  by  dissolving 
a  known  weight  of  the  pure  salt,  heated  to  constant  weight  at 
450°-500°,  and  making  up  to  a  definite  weight  of  solution,  the 
manganese  content  of  which  was  calculated  by  the  use  of  the 
factor  MnS04 — Mn  =  0.3638.  In  one  case,  for  example,  5.749 
grams  pure  anhydrous  MnS04  was  dissolved  in  water  and  the 
solution  made  up  to  exactly  1000  grams;  producing  a  solution  one 
gram  of  which  contained  0. 00209 Ig  Mn,  which  value  was  confirmed 
by  evaporation  of  a  weighed  portion  of  the  solution  and  heating 
to  475°  to  constant  weight.  Determinations  made  by  another 
chemist  upon  this  solution,  by  evaporation;  and  heating  for  a 
short  time  to  "dull  redness,"  yielded  the  values  0.002100,  2092, 
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2103,  and  2101;  the  mean  value  0.002099  being  therefore  0.38% 
too  high,  i.e.,  an  error  of  about  one  part  in  two  hundred  and  fifty. 
Upon  another  solution  prepared  in  the  above  manner,  and  coq- 
taining  0.002000g  Mn  per  solution,  the  same  chemist  obtained  by 
direct  heating  to  dull  redness  0.002004,  2006  and  2005;  i.e.,  the 
results  were  high,  in  spite  of  the  fact  that  in  the  latter  series  at 
least,  very  slight  decomposition  had  evidently  taken  place  in  the 
bottom  of  the  crucible.  Apparently  therefore  those  parts  of  the 
salt  on  the  sides  of  the  crucible  had  not  been  heated  to  the  neces- 
sary temperature  for  a  sufficient  length  of  time  to  expel  all  water 
or  excess  acid.  In  view  of  these  facts,  the  desirability  of  substi- 
tuting for  the  manganous  sulphate,  some  other  standard,  such  as 
sodium  oxalate,  is  very  evident. 

(b)  Effect  of  Conditions  upon  Standardization  with  Manganous 
Sulphate.— {1)  Ferrous  sulphate-permanganate  ratio.  This  ratio, 
which  is  fundamental  for  the  accuracy  of  the  method,  is  usually 
determined  by  means  of  a  blank  experiment,  that  is,  a  determina- 
tion is  run  through  in  the  absence  of  manganese,  under  the  condi- 
tions to  be  used  in  the  regular  analyses.  This  procedure,  which 
was  evidently  devised  for  the  purpose  of  eliminating  errors  due 
to  impurities  in  the  reagents,  has  been  found  to  be  unnecessary, 
i.e.,  the  ratio  so  obtained  is  the  same  as  that  obtained  by  direct 
titration  of  the  ferrous  sulphate  in  the  same  volume.  This  is 
due  to  the  fact  that  on  the  one  hand  the  bismuthate  oxidizes  readily 
any  traces  of  nitrous  acid  which  may  be  present  in  the  nitric 
acid;  and  that  on  the  other  hand  nitric  acid  of  the  strength  present 
in  the  final  solution  does  not  have  any  effect  upon  the  ferrous 
salt  in  the  short  time  necessary  for  a  titration.  If,  however,  the 
ferrous  salt  be  titrated  in  the  presence  of  nitric  acid  containing 
small  amounts  of  nitrous  acid,  which  has  not  been  treated  with 
bismuthate,  an  excessive  amount  of  permanganate  will  be  con- 
sumed, due  to  the  reducing  action  of  the  nitrous  acid  upon  the 
permanganate,  which  takes  place  more  rapidly  in  the  presence 
of  ferrous  salt  than  in  its  absence.  It  must  be  clearly  understood 
that  conducting  the  blank  experiment  in  the  usual  way  does  not 
obviate  the  necessity  of  avoiding  the  presence  of  nitrous  acid  in 
the  solutions  of  manganese  used  in  the  standardizations  or  analy- 
ses; since  as  indicated  by  Blair^,  nitrous  acid  will  reduce  part  of 
^Seventh  Ed.  p.  128. 
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the  permanganic  acid,  precipitating  manganese  peroxide,  which 
is  not  reoxidized  by  the  bismuthate. 

While  not  strictly  necessary,  the  determination  of  this  ratio 
by  means  of  a  blank  affords  a  convenient  means  of  testing  the 
efficacy  of  the  filter,  and  has  therefore  been  followed  in  all  this 
work.  The  conditions  fomid  most  satisfactory  are  as  follows. 
To  50  cc.  of  nitric  acid  (25%  by  volume),  add  a  small  amount  of 
bismuthate.  Shake  and  allow  to  stand  a  few  minutes,  dilute 
with  50  cc.  of  3%  nitric  acid;  filter  through  the  asbestos  filter 
and  wash  with  100  cc.  of  3  %  nitric  acid.  To  the  filtrate,  which 
should  be  perfectly  clear,  add  a  volume  of  ferrous  sulphate  approxi- 
mately equal  to  that  to  be  used  in  the  subsequent  determinations 
(25  to  50  cc.)  and  titrate  at  once  to  the  first  visible  pink.  Even 
for  the  most  accurate  work,  no  endpoint  correction  is  required 
for  this  titration,  provided  only  that  the  solutions  are  always 
titrated  to  the  same  color,  and  that  about  the  same  volumes  are 
used  in  the  standardization  and  analyses. 

(2)  Amount  of  manganese  present  in  a  determination. — One  of 
the  serious  limitations  of  this  method  is  the  small  amount  of 
manganese  generally  determined,  making  it  somewhat  unreliable 
for  high-grade  materials.  Blair  recommends  the  presence  of 
from  0.01  to  0.02g  Mn,  involving  the  use  of  a  sample  of  manganese 
ore  of  only  0.02g,  obtained  by  taking  an  aliquot  of  the  solution  of 
a  gram  of  the  ore,  Ibbotson  and  Brearley^  state  that  the  method 
is  equally  applicable  for  large  or  small  amounts  of  manganese 
without  however  giving  the  evidence  for  this  conclusion.  Since 
with  0.03N  permanganate,  0.015  Mn  is  the  largest  amount  that 
can  be  conveniently  determined,  the  following  experiments  were 
conducted  with  approximately  O.IN  KMn04  and  FeS04.  The 
results  are  expressed  in  terms  of  the  manganese  value  of  one  gram 
of  the  permanganate  solution.  It  should  be  noted  that  a  high 
result  indicates  incomplete  oxidation  of  the  manganese  by  the 
bismuthate.  In  these  and  the  following  series  the  following  con- 
ditions were  tentatively  employed,  and  the  variation  produced 
by  a  change  of  one  condition  was  noted  in  each  series  of  experi- 
ments. The  manganese  sulphate  was  oxidized  at  room  tempera- 
ture in  a  volume  of  about  50  cc,  containing  25%  nitric  acid  by 
volume.     An  excess  of  bismuthate  (about  0.5g)  was  added,  the 

>Chem.  News,  82,  269  (1900). 
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solution  was  agitated  for  one  minute,  the  sides  of  the  flask  were 
rinsed  down  with  50  cc.  of  3%  nitric  acid,  and  the  solution  at 
once  filtered  with  suction  through  the  asbestos  filter,  previously 
coated  with  bismuthate.  The  flask  and  filter  were  washed  several 
times  with  3%  nitric  acid  of  which  about  100  cc.  was  used.  The 
filtration  and  washing  required  from  1  to  3  minutes.  To  the 
filtrate  ferrous  sulphate  was  added  immediately  in  slight  excess 
which  was  at  once  titrated  with  permanganate. 

TABLE  III.     Effect  of  Amount  of  Manganese  in  the  Presence 
OP  Variable  Amounts  of  Iron 

Manganese  Values  calculated  from 


Sodium  Oxalate 

Manganotjs  Sulphate 

Values  Determined 

Over   a   Period    of 

Tliree  Weelvs 

Grams  Manganese 
Present 

Grams  Iron 
Present 

1  g.  KMn04 

Solution=: 

g.  Mn. 

0.001090 

0.03 

0.001088 

91 

0.03 

88 

92 

0.03 

1.0 

89 

92 

0.03 

1.0 

89 

91 

0.03 

1.0 

91 

91 

0.03 

1.0 
B 

92 

91 

0.05 

90 

92 

0.05 

92 

91 

0.05 

90 

92 

0.05 

87 

90 

0.05 

90 

90 

0.05 

1.0 

89 

89 

0.05 

2.0 

90 

92 

0.05 

3.0 
C 

89 

91 

0.10 

89 

91 

0.10 

89 

90 

0.10 

1161 

90 

0.10 

1089 

0.10 

97 

0.10 

96 

0.10 

1107 

0.10 

1088 

av.  0.001091 


av.  of  A  &  B. 


0.001089 
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From  Table  III  it  is  evident  that  for  amounts  of  manganese 
up  to  0.05g  the  method  is  accurate  within  the  limits  of  error, 
i.e.  about  one  part  in  five  hundred,  while  results  obtained  with  as 
much  as  O.lOg  Mn  are  decidedly  erratic,  only  one  half  approaching 
the  correct  values.  It  is  apparent  therefore  that  about  0.05g 
Mn  is  the  practical  limit  under  these  conditions.  This  amount  is 
however  far  more  satisfactory  than  only  0.01-0.02g,  and  permits 
the  use  of  O.lOg  of  high-grade  manganese  ore,  a  decided  advantage. 
As  seen  in  series  A  and  B,  the  results  with  as  much  as  3g  iron 
present,  are  entirely  satisfactory.  The  agreement  of  the  sodium 
oxalate  and  manganese  sulphate  values  will  be  discussed  later. 

(3)  Acidity,  volume,  time  of  standing,  etc.  —  The  results  of  sev- 
eral series  of  experiments  to  determine  the  effect  of  various 
conditions  upon  the  bismuthate  method  are  summarized  in  the 
following  table. 

TABLE  IV 
Effect  of  Conditions  upon  Bismuthate  Standardization 
KMnOi  Solution  K 


No.  of 

1  g  KMn04  So- 

Series 

Method 

Modification 

Detns. 

lution^:g  Mn. 

A  1 

Na^CsOi 

Standard — p 

6 

0.001098 

B  1 

MnSO. 

Standard — p 

9 

1098 

CI 

MnSOi 

Initial  cone.  HNO3— 10% 

3 

1114 

2 

MnSOi 

Initial  cone.  HNO,— 40% 

3 

1098 

Dl 

MnSOi 

Initial  volume — 150  ee. 

3 

1098 

El 

MnS04 

Shaken  with  bismuthate  15  sec 

3 

1097 

F  1 

MnS04 

Stood  before  filtration  10  min. 

3 

1097 

2 

MnS04 

Stood  before  filtration  30  min. 

1 

1097 

Gl 

MnSOi 

Stood  after  filtration  10  min. 

1 

1097 

2 

MnSOi 

Stood  after  filtration  20  min. 

1 

1097 

3 

MnSOi 

Stood  after  filtration  30  min. 

1 

1098 

HI 

MnSO. 

Stood  after  addition  of 

FeS04                            10  min. 

1 

1096 

2 

MnSO. 

Stood  after  addition  of 

FeSOi                           30  min. 

1 

1084 

I   1 

MnSO« 

Addition  of  H3  PO* — 5  cc. 

3 

1099 

Mean  of  all  MnSOi  values  excep 

t  C1&H2 

1098 

Of  the  MnSOi  vaJues  given  in  Table  IV,  the  individual  deter- 
minations of  all  except  those  in  Ci  and  H2,  varied  less  than  one 
part  in  five  hundred  from  the  mean,  showing  that  accurate  results 
can  be  obtained  over  a  very  wide  range  of  conditions.  The  only 
conditions  found  to  produce  appreciable  errors  were  (a)  deficiency 
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of  nitric  acid,  and  (b)  allowing  the  solution  to  stand  more  than 
ten  minutes  after  the  addition  of  the  ferrous  sulphate,  of  which 
about  10  cc.  excess  was  present.  Since  there  is  no  occasion  for 
either  of  these  conditions  to  arise  in  good  practice,  the  method 
may  be  considered  accurate  under  all  ordinary  conditions  of  pro- 
cedure, an  important  criterion  for  a  standard  method  of  analysis. 

Use  of  phosphoric  acid. — The  addition  of  this  reagent  as  recom- 
mended by  Dudley,  was  found  convenient  though  not  necessary; 
since  with  O.IN  solutions,  there  was  no  difhculty  in  obtaining  a 
sharp  endpoint  within  0.03  cc.  of  permanganate,  without  its  use. 
If  used,  it  should  be  added  to  the  ferrous  sulphate  solution  before- 
hand, rather  than  during  the  titration,  since  in  the  latter  case  a 
white  precipitate,  probably  consisting  of  basic  bismuth  phosphate, 
separates,  rendering  the  endpoint  slightly  less  distinct.  With 
very  large  amounts  of  iron,  e.g.  3-5g,  such  as  would  have  to  be 
used  if  Mn  in  steel  were  determined  with  O.IN  permanganate,  it 
was  found  that  addition  of  phosphoric  acid  possesses  no  advan- 
tage, since  it  tends  to  produce  a  pink  color,  due  probably  to  the 
formation  of  an  acid  ferric  phosphate^,  which  obscures  the  end- 
point  as  much  as  does  the  ferric  nitrate.  The  use  of  O.IN  solutions 
is  therefore  recommended  only  for  manganese  ores  and  similar 
high-grade  products,  in  which  the  highest  accuracy  is  desired. 

(c)  Probable  course  of  reactions. — From  Table  IV,  some  hght 
may  be  thrown  upon  the  probable  course  of  the  reactions  when 
manganese  is  oxidized  by  bismuthate.  At  least  two  reactions  are 
probable:  (a)  direct  oxidation  to  Mn^"  and  (b)  interaction  of 
unoxidized  Mn"  with  the  Mn^",  precipitating  Mn"^,  which  is 
then  removed  from  the  oxidizing  influence  of  the  bismuthate. 
If  these  two  reactions  may  take  place,  the  problem  resolves  it- 
self into  a  determination  of  the  conditions  under  which  reaction 
(a)  will  be  accelerated  and  (b)  will  be  retarded,  so  that  (a)  goes 
practically  to  completion  before  (b)  can  take  place  to  an  appreci- 
able extent.  The  favorable  conditions  for  (b)  as  conducted  in  the 
Volhard  method,  for  example,  are  sHght  acidity  and  high  tempera- 
ture; which  should  therefore  be  avoided  in  the  bismuthate  oxida- 
tion. That  this  explanation  is  plausible  is  shown  by  a  comparison 
of  Ci  and  C2.    That  complete  oxidation  may  be  effected  in  a  short 

^Erlenmeyer  and  Heinrich:  Ann.  Chem.,  190,  191,  (1877.) 
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ime  is  indicated  in  Ei;  in  which  connection  the  necessity  for 
horough  agitation  must  be  emphasized.  Other  experiments, 
Lot  recorded  here,  showed  that  with  0.05g  or  more  of  Mn,  complete 
ixidation  could  not  be  effected  if  the  solution  was  not  thoroughly 
agitated.  In  the  earlier  experiments  in  this  investigation,  the 
olutions  were  artificially  cooled  to  about  5° ;  but  after  it  was  found 
hat  results  at  room  temperature,  20°-25°,  were  entirely  satis- 
actory,  artificial  cooling  was  dispensed  with. 

(d)  Conditions  recommended. — Correct  results  can  be  obtained 
mder  the  following  conditions.  To  the  manganese  solution 
ontaining  20-40%  nitric  acid  (free  from  nitrous  acid),  in  a  volume 
if  50-150cc.,  add  a  sUght  excess  of  bismuthate  (usually  0.5  to  1.0 
;ram),  agitate  thoroughly  for  about  one  half  minute;  wash  down 
he  sides  of  the  flask  with  3%  nitric  acid,  add  a  slight  excess  of 
errous  sulphate,  and  titrate  at  once  with  permanganate.  For 
ron  and  steel,0.03N  solutions  as  described  by  Blair  are  satisfactory. 

For  ores  and  ferro  manganese  O.IN  permanganate  solution 
Qay  be  employed,  and  an  amount  of  material  containing  about 
1.05  gram  manganese.  For  the  rapid  solution  of  ores,  a  method 
ecommended  by  Blair^  has  been  found  convenient.  One  gram 
if  the  ore  is  fused  in  a  large  platinum  crucible  with  10  grams 
>otassium  bisulphate,  one  gram  of  sodium  sulphite  and  0.5  gram 
odium  fluoride.  The  heating  should  be  very  slow  till  efferves- 
ence  ceases.  After  complete  fusion  the  product  is  cooled,  then 
leated  carefully  with  10  cc.  concentrated  sulphuric  acid,  cooled, 
lissolved  in  water,  and  made  up  to  a  definite  volume.  The 
light  precipitate  of  barium  sulphate  usually  present  will  not 
afluence  the  manganese  determination. 

' — Agreement  of   Values    Derived  from  Sodium    Oxalate 

AND    MaNGANOUS    SuLPHATE 

Consideration  of  the  values  in  Table  V  shows  plainly  that 
10  greater  difference  than  one  part  in  five  hundred  exists  between 
he  results  derived  from  sodium  oxalate  and  manganese  sulphate 
espectively,  instead  of  the  former  values  being  one  per  cent 
ower,  as  claimed  by  Brinton  and  others.  In  fact  in  the  case  of 
he  O.IN  solutions,  the  only  ones  in  which  an  accuracy  of  more 

^Private  communication. 
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than  one  part  in  five  hundred  is  realizable,  the  manganous  sulphate 
values  show  a  tendency  to  be  from  one  to  two  parts  per  thousand 
lower  than  the  sodium  oxalate  results.  It  is  at  least  interesting, 
though  perhaps  not  significant,  that  if  the  value  55.00  instead  of 
54.93  be  used  for  the  atomic  weight  of  manganese,  the  results 
with  the  O.IN  solutions  agree  in  every  case  to  within  one  part  in 
a  thousand. 

TABLE  V 
Comparison  of  Na2C204  and  MnS04  Values 


Manganese  Values  debived  from 

Permanganate 

Sodium  Oxalate 

Manganese  Sulphate 

No.  of  Detns. 

Ig  KMn04=g  Mn. 

No.  of  Detns. 

Ig  KMn04=g  Mn. 

A: 

3 

0.0003465 

3 

0.0003469 

As 

4 

0.0003462 

3 

0.0003462 

B 

6 

0.0003454 

5 

0.0003458 

E 

9 

0.001096 

4 

0.001094 

G 

7 

0.001091 

5 

0.001090 

I 

18 

0.001091 

28 

0.001089 

K 

6 

0.001098 

29 

0.001098 

8 — Analysis  of  Pure  Permanganate    Crystals 

Additional  evidence  of  the  correctness  of  the  above  values  was 
found  in  the  analysis  of  the  pure  permanganate  prepared  as 
described  on  p.  10,  which  contained  0.38%  water.  The  salt  should 
therefore  contain  34.63%  manganese,  instead  of  34.76%,  the 
theoretical  content  for  pure  anhydrous  KMn04.  This  difference 
with  specially  purified  permanganate  indicates  clearly  the  probable 
presence  of  water  as  well  as  manganese  peroxide  in  C.  P.  perman- 
ganate, rendering  it  unsuitable  as  a  primary  standard.  Man- 
ganese was  determined  gravimetrically  by  precipitation  with 
ammonium  sulphide;  the  manganese  sulphide  being  washed  with 
dilute  ammonium  sulphide,  ignited  in  a  weighed  crucible,  treated 
with  sulphurous  and  sulphuric  acids,  evaporated,  heated  to  450° 
to  constant  weight,  and  weighed  as  MnS04.  The  manganese  in 
the  filtrates  was  determined  colorimetrically.  Results  of  dupli- 
cate analyses  were  34.70%o  and  34.66%,  the  mean  34.68%  agreeing 
closely  with  the  theoretical  value  34.63%.     The  oxidizing  value 
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of  this  permanganate  was  determined  by  means  of  solutions  Ai, 
A2,  and  E  (Table  V)  which  were  prepared  by  the  solution  of  an 
exact  weight  of  the  salt  in  a  definite  weight  of  solution.  In  Ai 
and  A2,  exactly  one  gram  KMn04  was  dissolved  and  diluted  to 
one  kilogram;  yielding  solutions  having  an  oxidizing  value  equiva- 
lent to  34.65%  Mn  (average  of  all  sodium  oxalate  and  manganous 
sulphate  values  for  Ai  and  A2).  Solution  E  contained  3.1606g 
of  the  salt  per  kilogram,  and  possessed  an  oxidizing  power  equiv- 
lent  to  34.65%  Mn,  (derived  from  the  average  of  all  sodium  oxa- 
late and  manganous  sulphate  values  for  solution  E).  Solutions 
B,  G,  I,  and  K  were  prepared  of  only  approximately  the  desired 
strength,  and  the  results  have  no  relation  to  the  composition  of 
the  solid  permanganate  employed. 

9 — Analysis  of  Manganese  Obes 


TABLE  VI 

Analyses  of  Manganese  Ores 

Analsyt 

Method 

Ore  I 

Ore  II 

Ore  III 

A 
B 

Author 

Bismuthate 

Modified  Acetate 

Bismuthate 

52.47 
52.40 
51.93 

52.53 
52.29 
52.03 

50.50 
50.52 
50.12 

Analyses  of  the  Bureau  of  Standards  Manganese  Ore  (Standard 
Sample  No.  25)  by  means  of  permanganate  I,  gave  as  the  average 
of  nine  determinations,  56.30%  Mn  upon  the  basis  of  the  sodium 
oxalate  standardization,  and  56.20%  if  calculated  from  the  man- 
ganous sulphate.  These  results  are  in  good  agreement  with  the 
mean  value  56.36%  derived  from  all  determinations  upon  the 
certificate;  and  with  the  value  56.33  formerly  found  by  the  author 
with  the  bismuthate  method,  using  sodium  oxalate  as  the  standard. 
Unfortunately  comparisons  based  upon  this  sample  are  not  neces- 
sarily' conclusive,  since  the  mean  value  56.36%  is  derived  from 
results  ranging  from  56.15  to  56.63,  obtained  by  eight  chemists 
using  a  variety  of  methods,  the  lack  of  agreement  of  which  is 
illustrated.  If  the  bismuthate  results  by  the  author  are  correct, 
a  conclusion  made  highly  probable  by  the  work  here  described, 
the  value  of  the  ore  lies  between  56.20  and  56.30%  manganese; 
and  many  of  the  values  found  by  other  methods,  by  the  author 
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and  others,  are  too  high.  That  the  tendency  of  many  commercial 
methods  is  to  yield  results  higher  than  those  by  the  method  here 
recommended,  is  shown  in  the  results  of  analyses  of  three  man- 
ganese ores  by  the  author  and  two  well  Imown  commercial  chemists. 
The  differences  here  shown,  amounting  to  0.8  to  1.0%  of  the 
manganese  present,  are  by  no  means  insignificant.  The  discrep- 
ancy between  the  results  by  A  and  the  author,  both  using  the 
bismuthate  method,  was  found  to  be  due  mainly  to  differences 
in  the  method  of  standardizing  the  manganous  sulphate  solution 
(see  p.  75).  These  results  show  clearly  the  necessity  for  a  thorough 
investigation  of  other  methods  for  determining  manganese,  in 
order  that  accurate  results  may  be  uniformly  obtained. 

10 — Summary 

1 — To  obtain  normal,  anhydrous  manganous  sulphate,  the  salt 
may  and  must  be  heated  for  a  considerable  time  at  450°-500°, 
i.e.,  just  below  red  heat. 

2 — Standardizations  of  permanganate^^solutions  (both  0.03N 
and  O.IN)  by  means  of  sodium  oxalate,  manganous  sulphate, 
and  solid  permanganate  agree  within  the  experimental  error, 
which  in  the  bismuthate  method  could  not  be  reduced  much 
below  one  part  in  five  hundred.  Taken  together  with  the  agree- 
ment of  sodium  oxalate  and  iron  values,  and  the  experiments 
upon  the  reduction  and  reoxidation  of  permanganate,  the  absolute 
accuracy  of  the  above  results,  within  the  experimental  limits,  is 
rendered  almost  certain. 

3— In  view  of  the  difficulties  attending  the  use  of  manganous 
sulphate,  standardization  by  means  of  sodium  oxalate,  under 
definite  but  easily  realizable  conditions  is  recommended. 

4 — Results  by  the  bismuthate  method,  are  accurate  over  a  very 
wide  range  of  conditions,  for  amounts  of  manganese  up  to  0.05 
gram. 

5 — For  accurate  determinations  on  rich  ores,  etc.,  the  use  of 
O.IN  permanganate  is  recommended,  while  for  iron  and  steel  the 
method  described  by  Blair  is  entirely  satisfactory. 

6- — The  statement  of  Blair  that  "this  method  for  materials 
containing  small  amounts  of  manganese,  say  up  to  2  per  cent,  is 
more  accurate  than  any  other  method,  volumetric  or  gravimetric" 
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may  be  extended  to  include  materials  containing  large  amounts 
of  manganese. 

7 — Filtered  permanganate  solutions  preserve  their  strength 
when  exposed  to  diffused  light,  if  protected  from  dust  and  reducing 
substances.  In  the  presence  of  the  latter,  alkaline  permanganate 
solutions  decompose  less  rapidly  than  do  neutral  solutions. 

The  author  desires  to  express  his  thanks  to  Dr.  W.  F.  Hille- 
brand  for  valuable  suggestions  and  advice  during  the  course  of 
this  investigation. 
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)N  THE  DETECTION  AND  SEPARATION  OF  ALUMINUM 
AND    BERYLLIUM    BY    THE    ACTION    OF    AMYL 
ALCOHOL  ON  THE  NITRATES 

By  Philip  E.  Browning  and  Simon  B.  Kuzirian 
Yale  University,  New  Haven,  Conn. 


preliminary 


The  work  to  be  described  is  a  study  of  the  process  of  dehydra- 
ion  with  amyl  alcohol,  as  applied  to  the  separation  of  aluminum 
,nd  beryllium. 

Aluminum  nitrate  was  dissolved  in  a  few  drops  of  water  in  a 
est-tube,  about  10  cm.^  of  amyl  alcohol  was  added,  and  the  whole 
ras  brought  to  the  boiling  point,  128°-130°.  Apparently  the 
luminum  salt  separated  completely;  and  after  filtration  on  a  dry 
•aper  the  filtrate,  upon  treatment  with  ammonium  hydroxide, 
howed  no  evidence  of  aluminum  in  solution.  Beryllium  nitrate, 
imilarly  treated,  remained  in  solution;  5  cm.^  of  a  saturated  solu- 
ion  made  in  this  way  proved  to  contain  from  0.10  grm.  to  0.13 
;rm.,  calculated  as  BeO. 

qualitative  method 

Table  I  shows  the  results  of  a  number  of  experiments  upon  the 
pplication  of  this  method  to  the  qualitative  separation  and  detec- 
ion  of  aluminum  and  beryllium.  The  aqueous  solution  of  the 
alts  was  in  each  case  evaporated  to  a  few  drops,  and  about 
0  cm  .3  of  amyl  alcohol  was  added.  The  whole  was  then  brought 
o  the  boiling  point,  and  the  complete  dehydration  was  indicated 
i^hen  the  fumes  of  the  alcohol  burned  quietly  at  the  mouth  of  the 
est-tube.  The  separation  of  a  solid  residue  in  the  liquid  or  upon 
he  side  of  the  tube  indicated  aluminum.  The  alcohol  was  then 
llowed  to  stand  until  cool,  and  was  filtered  on  a  dry  paper. 
Jpon  the  addition  of  a  drop  of  ammonium  hydroxide  to  the 
titrate,  a  precipitate  [Be(0H)2]  showed  the  presence  of  beryllium. 
3are  was  taken  to  treat  not  more  than  0.1  grm.  of  material  with 
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10  cm.3  of  alcohol,  in  order  to  be  well  within  the  limit  of  solubility 
of  the  beryllium  salt  in  amyl  alcohol. 

The  solutions  used  were  prepared  by  one  of  the  experimenters, 
and  the  tests  were  made  by  the  other,  without  knowledge  of  the 
content  of  the  solution  under  examination.  The  method  was 
thus  given  an  unprejudiced  trial. 

QUANTITATIVE   METHOD 

The  first  experiments  on  the  quantitative  side  of  the  problem 
were  made  upon  the  salts  separately. 

Solutions  were  prepared  and  standardized  in  the  usual  manner, 
by  precipitation  as  the  hydroxides,  ignition,  and  weighing  of  the 
oxides.  Portions  of  these  solutions  were  drawn  from  burettes  into 
small  counterpoised  beakers  and  weighed,  as  a  check  on  the 
burette  readings.  In  each  case  the  solution  was  then  evaporated 
to  dryness  and  the  residue  dissolved  in  a  few  drops  of  dilute  nitric 
acid.  About  15  cm.^  of  amyl  alcohol  was  added,  and  boiling 
was  continued  until  a  thermometer  placed  in  the  liquid  registered 
from  125°  to  130°.  After  cooling,  the  alcohol  was  decanted 
through  asbestos  felt  in  a  perforated  platinum  crucible,  the  crucible 
and  felt  having  been  previously  ignited  and  weighed. 

In  the  case  of  aluminum,  the  residue  in  the  beaker  was  dis- 
solved in  dilute  nitric  acid,  and  the  dehydration  was  repeated 
with  another  15  cm.^  of  alcohol.  This  double  treatment  was 
employed  because  of  the  tendency  of  a  separating  salt  to  include 
some  of  the  soluble  salt,  when  the  two  are  present  together. 
After  the  second  dehydration,  the  aluminum  nitrate  was  filtered 
on  the  felt  previously  used,  having  been  washed  from  the  beaker 
with  amyl  alcohol  contained  in  a  wash  bottle.  The  salt  that  ad- 
hered to  the  beaker  was  dissolved  in  water  and  dilute  nitric  acid, 
and  the  aluminum  was  precipitated  as  the  hydroxide  by  ammonium 
hydroxide.  The  aluminum  nitrate  on  the  felt  was  then  ignited 
to  the  condition  of  the  oxide,  and  the  aluminum  hydroxide  belong- 
ing to  the  same  determination  was  added,  and  filtered  on  the  same 
felt,  and  the  whole  was  ignited  to  constant  weight.  Table  II 
gives  the  results  when  aluminum  was  present  alone. 

The  results  when  beryllium  was  present  alone  are  to  be  found 
in  Table  III.     In  these  determinations  two  boilings  were  made, 
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the  clear  liquid  obtained  was  poured  upon  the  weighed  felts,  and 
the  felts  were  washed  with  alcohol.  In  a  number  of  cases  the 
felts  were  ignited  and  weighed,  and  were  shown  to  be  free  from 
beryllium  by  their  unchanged  weight.  Several  methods  were 
tried  for  estimating  the  beryllium  in  the  amyl  alcohol  filtrate, 
such  as  burning  the  alcohol  and  weighing  the  residue,  precipitat- 
ing directly  with  ammonium  hydroxide  with  or  without  mixture 
with  ethyl  or  methyl  alcohol,  and  extracting  from  the  alcohol  by 
shaking  with  water  in  a  separating  funnel  and  precipitating  from 
the  water  extract  by  means  of  ammonium  hydroxide.  The  last 
proved  to  be  the  most  convenient  method.  Two  shakings  with 
about  four  times  the  volume  of  water  gave  satisfactory  results. 
By  this  procedure  the  alcohol  may  be  recovered  for  repeated  use. 

When  aluminum  and  beryllium  were  present  together  some 
difficulty  was  encountered,  due,  apparently,  to  the  tendency  of 
the  aluminum  to  include  the  beryllium,  even  after  two  treatments. 
However,  the  results  given  in  Table  IV  show  a  rough  separation, 
and  the  authors  feel  confident  that  further  study  of  the  method 
will  make  better  results  possible. 

As  a  qualitative  method  the  results  are  entirely  satisfactory, 
and  the  process  can  be  recommended  for  the  preparation  of  beryl- 
lium salts  free  from  aluminum. 


TABLE  I 

Al taken 

Be  taken 

Calculated  as  AI2O3 

Calculated  as 

BeO          Al  result 

Be  result 

0.1000 

0.0000 

Decided  test 

No  test 

0.1000 

0.0010 

Decided  test 

Fair  test 

0.0080 

0.0020 

Decided  test 

Distinct  test 

0.0040 

0.1000 

Decided  test 

Decided  test 

0.0008 

0.0000 

Faint  test 

No  test 

0.0008 

0.0020 

Faint  test 

Distinct  test 

0.0002 

0.0000 

Very  faint  test 

No  test 

0.0000 

0.0040 

No  test 

Distinct  test 

0.0000 

0.0002 

No  test 

Faint  test 

0.0000 

0.0000 

No  test 

No  test 
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TABLE  II 

Al  calculated  as  AI2O3 
Taken  Found 

grm.  grm. 

0.0652  0.0654 

0.1042  0.1040 

0.1039  0.1024 

0.1042  0.1050 

0.0429  0.0442 

0.0421  0.0427 
Average  error  0.0002+ 


Error 
grm. 

0.0002  + 

0.0002- 

0.0015- 

0.0008+ 

0.0014+ 

0.0006+ 


TABLE  III 

Be  calculated  as  BeO 
Taken  Found  Error 

grm.  grm.  grm. 

0.1087  0.1074  0.0013- 

0.0313  0.0312  0.0001- 

0.1022  0.1025  0.0003  + 

0.1020  0.1027  0.0007+ 

0.1021  0.0034  0.0013+ 

Average  error  0.0002+ 

In  the  last  three  cases  Be  was  extracted  from  the  alcohol  by  shak- 
ing with  water. 

TABLE  IV 


Al  calculated  as  AI2O3 


Be  calculated  as  BeO 


Taken 

Found 

Error 

Taken 

Found 

Error 

grm. 

grm. 

grm. 

grm. 

grm. 

grm. 

0.1048 

0.1060 

0.0012  + 

0.0364 

0.0340 

0.0024-               , 

0.0653 

0.0675 

0.0022  + 

0.0316 

0.0320 

0.0004+ 

0.0456 

0.0474 

0.0018+ 

0.0316 

0.0316 

0.0000                  j 

0.0625 

0.0615 

0.0010- 

0.0407 

0.0395 

0.0012-              ] 

0.0639 

0.0644 

0.0005+ 

0.0410 

0.0440 

0.0030+              1 

Average  error,  Al 

0.0012+ 

Average 

3  error,  Be,  0.00004-          1 
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THE    METHODS     OF    THE    UNITED    STATES    STEEL 

CORPORATION  FOR  THE  COMMERCIAL  SAMPLING 

AND  ANALYSIS  OF  PIG  IRON^ 

The  Chemists'  Committee  of  the  U.  S.  Steel  Corporation 


PREFACE 


In  conformity  with  the  design  of  the  Officials  of  the  United 
States  Steel  Corporation  for  the  standardization  of  the  methods 
employed  in  the  sampling  and  analysis  of  all  materials  encountered 
in  their  various  lines  of  manufacture,  the  Chemists'  Committee 
presents  this  compilation  of  standard  methods  for  the  sampling 
and  subsequent  analysis  of  molten  pig  iron. 

In  selecting  the  methods,  the  Committee  employed  the  same 
line  of  procedure  as  in  former  cases,  viz.,  the  careful  consideration 
of  all  the  methods  employed  in  each  laboratory  of  the  Corporation, 
evolving  therefrom  the  several  methods  herein  described,  the  im- 
mediate adoption  of  which  is  desired. 

The  services  of  Messrs.  W.  B.  N.  Hawk,  Wm.  Brady  and  C.  H. 
Rich,  a  sub-committee  appointed  for  the  preparation  of  this 
pamphlet,  are  gratefully  acknowledged. 

INTRODUCTION 

A  quite  obvious  cause  of  nonconformity  of  results  of  comparative 
analyses  in  the  various  laboratories  of  the  Corporation  has  been 
an  apparent  lack  of  uniformity  of  method  in  the  sampling  and 
analysis  of  molten  iron. 

This  condition  is  particularly  apparent  with  regard  to  the 
determination  of  the  sulphur,  numerous  discrepancies  in  which 
would  appear  to  indicate  the  absence  of,  and  the  necessity  for, 
some  uniform  method  of  procedure.  The  estimation  of  the  sulphur 
by  the  gravimetric  method  and  the  determination  of  the  remaining 
constituent  elements  of  the  iron,  are  susceptible  of  a  most  satis- 
factory degree  of  accuracy.    The  successful  issue  of  the  volumetric 

'Copyright  1912  by  J.  M.  Camp,  Chairman  Chemists'  Committee. 
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determination  of  the  sulphur,  however,  is  largely  dependent  upon 
the  grade  of  the  iron  and  the  conditions  under  which  the  test  is 
taken.  A  disturbing  factor  in  establishing  a  satisfactory  standard 
of  comparative  values  in  such  analyses  is  the  loss  of  uncertain 
and  varying  proportions  of  the  sulphur,  due  to  the  formation  of 
volatile  and  difficultly  oxidizable  organic  sulphides,  upon  solution 
of  white  or  chilled  iron  in  hydrochloric  acid.  Comparative  tests 
by  a  number  of  chemists  of  the  Corporation  having  shown  quite 
satisfactory  agreement  in  sulphur  values  as  obtained  by  the  evo- 
lution method  in  sand  cast  and  properly  taken  so-called  chilled 
test  samples,  it  has  been  decided  to  adopt  for  all  purposes  the 
more  convenient  chilled  test,  which,  it  is  believed,  will  tend  to 
conserve  the  desired  comparative  accuracy.  True  values  may  be 
obtained  in  the  crushed  shot  sample  by  annealing  the  powder  in 
a  current  of  natural  gas  or  under  any  con\enient  non-oxidizing 
conditions,  but  the  exigencies  of  the  routine  of  the  works  labora- 
tory, as  demanded  by  the  conditions  necessarily  involved  in  the 
manufacture  of  iron  and  steel,  would  in  most  cases  prohibit  this 
metallurgical  refinement. 

The  methods  of  analysis  herein  described  represent  the  best 
present  day  practice  and  it  is  hoped  that  their  adoption  will  go 
far  toward  reconciling  those  too  often  variant  conditions,  con- 
venience of  manipulation  and  accuracy  of  result. 

The  solutions  as  prescribed  are  indicated  in  their  various 
proportions  on  a  one  litre  basis.  It  will  be  found  convenient,  how- 
ever, in  most  cases  to  employ  in  actual  practice  corresponding 
multiples  of  a  greater  volume. 

SAMPLING 

Character  of  the  Sample 

Two  optional  methods  are  prescribed  for  taking  the  test: 

1.    Plate  or  Pat  Test 

With  a  suitable  hand  ladle  a  portion  is  dipped  from  the  stream 
of  molten  iron  and,  with  the  spoon  of  the  ladle  resting  upon  a 
clean  dry  iron  plate,  a  pat  of  such  size  as  may  be  desired  is  poured 
thereon. 
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^.     Chilled  Mould  Test 

With  the  spoon  of  the  hand  ladle  resting  upon  the  dry  clean 
mould  (later  to  be  described)  a  portion  is  poured  sufficient  to  fill 
the  mould. 

The  use  of  the  water  shot  sample  is  to  be  considered  as  in  viola- 
tion of  the  standard  method.  The  sand  cast  sample  may  be  used 
but  the  uniform  adoption  of  the  pat  or  the  chilled  mould  test  is 
urged. 

Number  of  Samples  to  he  Taken 

As  tending  to  a  reasonable  degree  of  accuracy,  it  is  recommended 
that  a  portion  be  secured,  timed  as  nearly  as  may  be  practicable 
for  the  middle  of  each  ladle  of  iron  representing  the  cast.  Equal 
portions  from  each  of  these  samples  are  conveniently  combined 
for  the  subsequent  analysis. 

Preparation  of  the  Sample 

The  tests  are  either  drilled  or  crushed  as  required.  If  crushed, 
only  that  portion  passing  an  eighty-mesh  sieve  is  used  for  the  sub- 
sequent analysis. 

Description  of  the  Mould 

Two  convenient  forms  of  mould  are  recommended,  either  of 
which  may  be  used  to  advantage. 

The  mould  (Figure  1)  furnishes  a  test  which  may  be  conveniently 
broken  and  crushed.  The  number  of  the  furnace  may  be  cast  in 
the  mould  with  Roman  numerals  or  any  other  suitable  form  of 
designation.  The  two  ridges  shown  in  the  test  in  this  figure  indi- 
cate that  the  test  is  taken  from  furnace  No.  2. 

The  mould  (Figure  2)  furnishes  a  test  which  may  be  either 
drilled  or  crushed.  If  the  sample  is  to  be  crushed,  the  notched 
prolongation  "T"  is  broken  and  crushed  and  the  main  body  of 
the  test  reserved  for  the  furnace  man's  fracture  test.  The  furnace 
number  may  also  be  indicated  in  this  form  of  mould  in  the  same 
manner  but  not  so  conveniently  and  only  in  the  main  body  of 
the   test. 

The  moulds  are  made  of  cast  iron  and  are  illustrated  in  detail, 
with  complete  dimensions,  in  Figures  No.  1  and  No.  2. 


Congress  of  Applied  Chemistry 


95 


rh 


<f4' 


/S'  ^,     /f 


wm^ 


^'P-  -\i\4t~ 


^^E3 


•#» 


•!$■ 


^/tAifie. 


-Xi 


'I 


-^il-^ 


^£C7/0/^-  3-B. 


96  Original  Communications:  Eighth  International        [vol. 

METHODS   OF   ANALYSIS 

Determination  of  Silicon 
Drown' s  Method 

A  single  or  double  factor  weight,  .4693  or  .9386  gram,  of  the 
sample  is  transferred  to  a  glazed  porcelain  dish,  15  to  25  cc.  of 
the  silicon  mixture  added,  gentle  heat  applied  to  the  uncovered 
dish,  and  the  solution  is  evaporated  to  pronounced  fumes  of 
sulphuric  anhydride.  The  dish  is  removed  from  the  heat  and 
allowed  to  cool,  the  residue  is  moistened  with  10  cc.  of  the  dilute 
hydrochloric  acid,  50  cc.  of  hot  water  added  and  the  solution 
heated  without  boiling  until  the  soluble  salts  dissolve.  The  residue 
of  silica  and  graphite  is  collected  on  a  9  cm.  ashless  filter,  washed 
alternately  with  hot  dilute  hydrochloric  acid  and  water  to  the  dis- 
appearance of  the  soluble  iron,  and  finally  with  hot  water  until 
free  from  chlorides.  The  residue  is  ignited  uncovered  in  a  weighted 
crucible  at  a  moderate  temperature  until  the  carbon  is  completely 
oxidized,  and  finally  for  a  few  minutes  at  a  higher  temperature  to 
the  dehydration  of  the  silica.  The  residual  weight  in  milligrams 
divided  by  ten  and  corrected  in  conformity  with  the  initial  weight 
of  the  sample  equals  per  cent  silicon. 

Ford's  Hydrochloric  Acid  Method 

This  well  known  method  is  useful  in  point  of  rapidity,  yielding 
satisfactory  results  in  a  shorter  time  than  the  more  refined  Drown' s 
method.  A  single  or  double  factor  weight  of  the  sample  is  trans- 
ferred to  a  porcelain  or  platinum  dish  with  cover  glass,  20  or  30 
cc.  of  concentrated  hydrochloric  acid  added  and  the  solution 
boiled  rapidly  to  complete  dryness;  the  residue  is  not  baked. 
Ordinarily,  decomposition  is  complete  by  the  time  the  evapora- 
tion is  effected.  To  the  dry  residue  in  the  platinum  dish  there  is 
added  at  once,  or  in  the  porcelain  dish  when  suSiciently  cooled, 
20  cc.  of  the  dilute  hydrochloric  acid.  The  solution  is  heated 
gently  for  a  few  minutes  with  the  addition  of  50  to  60  cc.  of  water, 
and  the  heating  continued  until  the  soluble  salts  dissolve.  The 
residue  is  collected  and  finally  weighed  as  in  the  previously  de- 
scribed Drown's  method.  The  use  of  suction  in  the  filtrations  and 
the  ignition  of  the  residue  in  an  atmosphere  of  oxygen  will  be  appre- 
ciated as  factors  affecting  the  rapidity  of  the  analyses  in  both  of 
the  above  methods. 


i]  Congress  of  Applied  Chemistry  97 

SOLUTIONS   REQUIRED 

Silicon  Mixture 

Nitric  Acid 1.20  sp.  gr.  750  cc. 

Sulphuric  Acid 1.50  sp.  gr.  250  cc. 

Dilute  Hydrochloric  Acid 

Hydrochloric  Acid 1.20  sp.  gr.  500  cc. 

Water 500  cc. 

DETERMINATION   OF   SULPHUR 

Volumetric  Method 
Evolution  Iodine  Titration 

It  is  apparent  that  the  evolution  method  is  of  comparative  jValue 
only  and  is  in  no  sense  to  be  regarded  as  yielding  the  exact  measure 
of  the  sulphur  content  of  the  iron,  a  fact  of  which  due  cognizance 
should  be  taken  by  all  users  of  pig  iron.  Equally  apparent,  how- 
ever, is  the  undoubted  usefulness  of  the  method  in  connection  with 
the  routine  requirements  of  the  iron  laboratory  and  of  the  various 
metallurgical  processes  in  conjunction  with  which  it  is  used. 

The  apparatus  as  recommended  for  this  determination  consists 
of  a  flask  of  suitable  form  and  size,  preferably  sixteen  ounce 
Florence  ring  neck  with  a  two  hole  rubber  stopper  equipped  with 
an  ordinary  funnel  or  thistle  tube  and  a  short  piece  of  glass  tubing 
bent  at  right  angles  (exit  tube)  in  the  respective  apertures.  The 
exit  or  delivery  tube  is  connected  with  the  absorption  vessel  in 
such  manner  as  to  conduct  the  evolved  gases  to  the  bottom  of  the 
vessel.  The  absorption  may  be  effected  either  in  the  beaker  in 
which  the  titration  is  to  be  conducted,  or  in  a  test  tube,  preferably 
10"  by  l",  suitably  supported. 

A  minimum  of  2.5  grams  or  a  maximum  of  5  grams  of  the  sample 
is  transferred  to  the  flask,  the  stopper  is  inserted  and  the  flask 
conveniently  connected  with  the  vessel  containing  the  absorbent; 
40  to  60  cc.  of  dilute  hydrochloric  acid  are  introduced  through 
the  funnel  and  heat  applied,  a  brisk  evolution  of  the  gases  being 
maintained  until  the  powder  is  decomposed.  The  temperature 
is  then  raised  until  the  steam  formed  has  forced  the  last  trace  of 
th,e  hydrogen  sulphide  gas  into  the  absorbent.  The  heat  is  re- 
moved, the  apparatus  disconnected  and  the  titration  conducted. 

Ten  cc.  of  the  starch  solution  are  added  to  the  titrating  beaker 
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and  the  contents  of  the  absorption  tube  transferred  thereto.  Both 
the  absorption  and  delivery  tube  are  rinsed  with  cold  water  and 
any  adhering  precipitate  is  dissolved  by  means  of  a  fine  jet  of  the 
dilute  hydrochloric  acid.  Care  is  exercised  that  the  acid  solution 
be  not  unduly  agitated  before  the  introduction  of  the  iodine  solu- 
tion. If  the  absorption  is  effected  in  the  beaker,  the  deUvery 
tube  is  removed  first,  cleansed  with  the  acid  and  water  and,  with 
the  precaution  suggested  above,  an  excess  of  the  dilute  acid  is 
added.  The  final  volume  of  the  solution  should  approximate 
400  cc.  The  solution  is  stirred  gently  in  order  to  neutrahze  the 
alkali  of  the  absorbent,  which,  if  left  undisturbed,  reacts  with  the 
iodine  with  formation  of  a  substitution  product  from  which  the 
iodine  is  but  partially  Hberated  upon  acidifying  the  solution.  The 
iodine  solution  is  then  added  in  successive  portions,  while  the 
solution  is  stirred  as  the  color  fades,  until  the  addition  of  a  final 
drop  yields  the  permanent  blue  color  of  the  adopted  endpoint. 
The  number  of  cubic  centimeters  of  the  iodine  required  multi- 
plied by  .01  is  equivalent  to  per  cent  sulphur. 

The  volume  of  the  solution  in  the  absorption  vessel  is  so  adjusted 
as  to  insure  a  sufficient  body  for  the  absorption  of  all  of  the  gas, 
and  a  sufficient  excess  of  the  stock  absorbent  is  maintained  in 
proportion  to  the  total  volume  of  the  solution.  The  proportions 
as  used  in  the  10  in.  by  1  in.  test  tube  (15  cc.  of  any  of  the  stock 
absorbents  diluted  to  60  cc.)  may  be  taken  as  a  basis  therefor. 
If  desired,  the  starch  indicator  solution  may  be  added  to  any 
of  the  stock  absorbent  solutions  in  such  proportions  as  to  furnish 
the  equivalent  of  10  cc.  of  the  indicator  in  the  titration. 

SOLUTIONS   REQUIRED 

Starch  Indicator.  To  one  litre  of  boiling  water  in  a  suitable 
flask,  a  cold  emulsion  of  six  grams  of  starch  suspended  in  100  cc. 
of  cold  water  is  cautiously  added,  and  the  boiling  continued  five 
minutes  after  the  final  addition.  The  solution  is  cooled  to  room 
temperature,  and,  with  the  addition  of  six  grams  of  zinc  chloride 
in  50  cc.  of  cold  water,  mixed  thoroughly  and  set  aside  for  a  day 
or  two  with  occasional  shaking.  After  the  final  subsidence  of 
the  heavier  residue,  the  starch  solution  is  siphoned  into  the  con- 
tainer and  the  settlings  rejected.     The  zinc  chloride  is  added  as 
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preservative.    Preliminary  boiling  of  the  water  tends  to  les  e 
e  fronting  or  formation  of  large  bubbles  on  the  addition  of  the 
irch. 

Standard  Iodine.  Ten  grams  of  potassium  iodide  crystals, 
llowed  by  4.5  grams  of  resublimed  iodine,  are  transferred  to  a 
iss  stoppered  graduated  flask;  25  cc.  of  cold  water  are  added 
id  the  flask  is  shaken  until  the  iodine  is  completely  dissolved, 
le  solution  is  diluted  to  volume  of  one  litre  and  set  aside  for  not 
5S  than  twenty-four  hours  before  standardizing.  The  known 
Iphur  of  a  standard  steel,  afe  determined  both  by  the  evolution 
id  oxidation  methods,  is  used  as  the  basis  of  standardization 
th  final  adjustment  so  that  1  cc.  is  equivalent  to  .01  per  cent 
Iphur  on  the  basis  of  the  weight  of  sample  used 

ilute  Hydrochloric  Acid 

Concentrated  Acid 500  cc. 

Water 500  cc. 

ABSORBENTS 

mmoniacal  Solution  of  Cadmium  Chloride 

Cadmium  Chloride    5  grams 

Water 375  cc. 

Ammonia 625  cc. 

2ustic  Alkali 

Caustic  Potash  or  Soda 5  grams 

Water 1,000  cc. 

mmoniacal  Solution  of  Zinc  Sulphate 

Zinc  Sulphate 10  grams 

Strong  Ammonia  .  • 625  cc. 

Water 375  cc. 

Gravimetric  Method 

Five  grams  of  the  sample  are  transferred  to  a  clean  No.  4 
iaker  or  twelve  ounce  Erlenmeyer  flask,  and  with  the  addition 
■  100  cc.  of  concentrated  nitric  acid,  gentle  heat  applied  until 
)lution  is  complete.  It  is  sometimes  necessary  to  check  a  too 
iolent  action  of  the  acid,  which  might  result  in  loss  of  unoxidized 
ilphur,  by  placing  the  beaker  or  flask  in  cold  water.    The  solution 


100  Original  Communications:  Eighth  International         [vol. 

is  boiled  briskly  to  low  bulk,  and  after  cooling  somewhat,  30  cc. 
of  strong  hydrochloric  acid  added,  the  solution  is  again  concen- 
trated, and  following  the  precautionary  addition  of  one  gram  of 
pure  sodium  carbonate,  transferred  to  a  clean  porcelain  dish 
and  evaporated  to  complete  dryness  and  the  residue  baked  a  short 
time  at  a  moderate  temperature. 

The  dish  is  allowed  to  cool,  35  cc.  of  concentrated  hydrochloric 
acid  added  and  heat  appHed  until  the  soluble  salts  dissolve;  the 
solution  is  again  evaporated  to  complete  dryness  and  the  residue 
baked  as  before.  This  procedure  insures  the  elimination  of  the 
nitric  acid.  The  dish  is  cooled,  35  cc.  of  concentrated  hydrochloric 
acid  are  added  and  heat  is  applied  until  the  soluble  salts  are  again 
dissolved.  The  cover  is  removed,  and  with  the  dish  placed  upon 
a  suitable  asbestos  ring  in  order  to  prevent  the  formation  of  a 
crust  of  the  metalhc  salts  upon  the  sides,  the  solution  is  evaporated 
to  the  first  appearance  of  the  separation  of  the  chlorides,  which 
are  then  dissolved  by  the  addition  of  a  few  drops  of  concentrated 
hydrochloric  acid;  three  drops  should  suffice.  Cold  water  is  added 
to  volume  of  about  75  cc,  the  residue  is  collected  upon  an  11  cm. 
filter  and  the  filtrate  received  in  a  No.  2  beaker.  The  residue 
and  filter  are  washed  with  the  least  possible  amount  of  the  hot 
dilute  hydrochloric  acid,  alternated  with  cold  water,  to  the  dis- 
appearance of  the  iron  stains  and  finally  with  hot  water  to  volume 
of  about  200  cc.  To  this  cold  solution  10  cc.  of  a  ten  per  cent 
solution  of  barium  chloride  are  added  and  the  solution  is  allowed 
to  stand  with  occasional  stirring  not  less  than  twelve  hours. 

When  the  precipitate  of  barium  sulphate  has  subsided,  it  is 
collected  upon  a  9  cm.  close  ashless  filter,  washed  with  dilute 
hydrochloric  acid  (five  per  cent)  to  the  disappearance  of  the 
iron  and  finally  with  hot  water  until  free  from  chlorides.  The 
filter  and  residue  are  ignited  uncovered  in  a  weighed  crucible 
at  a  moderate  temperature  to  the  disappearance  of  the  carbon  of 
the  paper  and  finally  at  a  somewhat  increased  temperature  for 
ten  minutes.  The  residual  weight  multiphed  by  13.74  and  divided 
by  5  equals  per  cent  sulphur.  The  filtrate  is  set  aside  until  satis- 
fied that  no  further  precipitation  ensues. 

The  carbonaceous  siHceous  residue  of  the  original  solution 
usually  retains  some  sulphur  and  is  ignited  in  platinum  under 
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cover  of  pure  sodium  carbonate  and  decomposed  by  fusion  with 
further  addition  of  the  carbonate  and  two-tenths  gram  of  nitre; 
the  subsequent  hydrochloric  acid  solution  is  freed  from  its  silica 
and  added  to  the  original  filtrate,  or  examined  separately  for 
sulphur. 

It  is  apparent  that  absolute  purity  of  reagents  and  cleanliness 
of  utensils  and  the  final  weighing  of  the  barium  sulphate  effected 
under  the  most  exact  conditions,  are  determining  factors  in  the 
successful  issue  of  analyses  by  this  method. 

DETERMINATION    OF   PHOSPHORUS 

Volumetric  Method 
Acid  Alkali  Titration 

One  to  two  grams  of  the  sample  are  transferred  to  a  flask, 
preferably  twelve  ounce  Erlenmeyer,  40  cc.  of  nitric  acid  (1.13 
sp.  gr )  added  and  heat  apphed  until  the  sample  is  decomposed. 
The  sides  of  the  flask  are  washed  down,  one  gram  of  ammonium 
persulphate  is  added  and  the  solution  boiled  until  the  combined 
carbon  is  completely  oxidized.  The  residue  is  caught  on  an  11  cm. 
filter  and  washed  with  dilute  nitric  acid  (two  per  cent)  and  hot 
water  to  the  disappearance  of  the  soluble  iron.  The  filtrate  is 
heated  to  boiling  in  a  suitable  flask,  a  slight  excess  of  a  solution 
of  potassium  permanganate  added  and  the  boiUng  is  continued 
until  the  excess  of  the  permanganate  is  decomposed.  The  resultant 
precipitate  of  manganese  dioxide  is  reduced  to  its  soluble  nitrate 
by  means  of  the  chosen  reducing  agent  and  the  boihng  continued 
until  the  excess  thereof  is  decomposed. 

With  the  solution  at  a  temperature  of  80°  C,  40  to  60  cc.  of 
ammonium  molybdate  solution  are  introduced  and  the  flask  is 
shaken  for  five  minutes.  The  precipitate  quickly  subsides  and 
is  at  once  collected  upon  a  9  cm.  filter,  washed  with  dilute  nitric 
acid  (two  per  cent)  until  free  from  iron,  and  then  with  solution 
of  potassium  nitrate  (one  per  cent)  to  the  removal  of  the  last 
trace  of  free  acid. 

The  titration  may  be  conducted  in  a  beaker  or  in  the  flask  in 
which  the  precipitation  was  effected.  Care  is  exercised  in  the 
latter  case  to  wash  the  flask  thoroughly  with  the  neutral  w^ash,  as 
any  acid  present  of  course  reacts  with  the  standard  alkali.    The 
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filter  and  precipitate  are  transferred  to  the  beaker  or  flask  and  the 
standard  alkali  is  added  in  excess  sufficient  to  render  easy  the 
subsequent  maceration  of  the  filter,  which  is  accomplished  by- 
breaking  up  with  a  clean  glass  rod,  or,  if  in  a  flask,  by  shaldng  the 
flask  closed  by  a  clean  rubber  stopper.  When  the  precipitate  has 
dissolved  and  the  paper  is  thoroughly  disintegrated,  the  solution  is 
diluted  and  three  drops  of  the  indicator  are  added.  The  standard 
acid  is  then  added  to  the  disappearance  of  the  pink  tint,  the  sides 
of  the  titrating  vessel  washed  down  with  cold  water  and,  with  a 
final  volume  of  about  150  cc,  the  standard  alkali  is  added  to  the 
adopted  pink  endpoint.  The  number  of  cubic  centimeters  of  the 
alkah  used  in  excess  of  the  acid,  multiplied  by  .01  or  .02,  is  the 
equivalent  of  phosphorus  in  hundredths  per  cent. 

SOLUTIONS   REQUIRED 

Standard  Caustic  Soda.  Six  and  six-tenths  grams  of  pure 
sodium  hydroxide  are  dissolved  in  100  cc.  of  boiled  water.  The 
solution  is  freed  from  any  carbonic  acid  introduced  by  the  caustic 
alkali,  by  the  addition  of  about  1  cc.  of  a  saturated  solution  of 
barium  hydroxide  with  subsequent  filtration,  and  the  solution 
finally  diluted  to  volume  of  one  litre.  If  desired,  a  stock  solution 
may  be  carried,  a  convenient  ahquot  portion  of  which  is  diluted 
for  the  working  solution. 

Standard  Nitric  Acid.  Ten  cc.  of  concentrated  acid  diluted  to 
one  litre.  The  acid  and  alkah  solutions  are  standardized  against 
the  known  phosphorus  of  a  standard  steel  with  final  correction 
so  that  they  are  exactly  agreeing  and  1  cc.  is  equivalent  to  .01 
per  cent  phosphorus  on  the  basis  of  two  grams  of  the  sample. 

Ammonium  Molyhdate.  To  65  grams  of  molybdic  acid  (85 
per  cent)  suspended  in  142  cc.  of  cold  water  in  a  suitable  flask, 
143  cc.  of  strong  ammonia  are  added  and  the  flask  is  rotated  until 
the  molybdic  acid  is  completely  dissolved.  The  solution  is  cooled 
and  added  slowly  to  715  cc.  of  nitric  acid  of  1.20  sp.  gr.  while 
the  acid  solution  is  vigorously  stirred. 

Molybdic  acid  is  at  times  encountered  which  fails  to  yield  a 
permanently  clear  solution  of  the  ammonium  molybdate;  the  addi- 
tion of  one  or  more  drops  of  a  10  per  cent  solution  of  ammonium 
phosphate  assists  in  clarifying  the  solution.    The  solution  is  allowed 
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to  stand  over  night,  when  it  is  filtered  into  the  container,  pref- 
erably through  purified  asbestos  and  with  the  aid  of  suction. 

Phenolphthalein.  One  gram  dissolved  in  one  litre  of  ethyl 
alcohol. 

Nitric  Acid  {1.13  sp.  gr.) 

Nitric  Acid — Conceritrated 240  cc. 

Water 760  cc. 

Potassium  Permanganate  Oxidant.  Twenty-five  grams  to  one 
litre. 

REDUCING   AGENTS 

Ammonium  Bisulphite.     Five  per  cent  solution. 

Ferrous  Sulphate 

Ferrous  Sulphate 50  grams 

Water 1,000  cc. 

Potassium  Nitrite 

Potassium  Nitrite 50  grams 

Water 1,000  cc. 

Sugar.     Saturated  solution. 

POTASSIUM   PERMANGANATE   TITRATION 

The  yellow  precipitate  as  above  obtained  is  washed  with  am- 
monium sulphate  solution,  or  if  desired,  dilute  sulphuric  acid 
(2  per  cent.)  until  free  from  iron  and  molybdenum  salts.  Dilute 
ammonia  (1  part  ammonia  and  3  parts  water)  is  poured  over  the 
precipitate  and  the  filter  is  washed  with  hot  water,  and  the  solution 
caught  in  the  flask  in  which  the  precipitation  was  effected.  The 
volume  of  the  solution  should  not  exceed  25  cc.  Eight  grams  of 
granulated  zinc,  20  mesh,  followed  by  75  cc.  of  dilute  sulphuric 
acid  are  added  and  the  solution  is  gently  boiled  until  reduction  is 
complete.  The  undissolved  zinc  is  then  collected  upon  a  glass 
wool  filter  and  both  flask  and  filter  are  washed  with  cold  water. 
To  the  cold  filtrate,  standard  potassium  permanganate  solution  is 
added  until  a  slight  permanent  pink  tint  is  obtained.  The  measure 
of  the  permanganate  solution  required  multiplied  by  its  value 
in  terms  of  phosphorus  and  divided  by  the  initial  weight  of  the 
sample  equals  per  cent  phosphorus. 
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SOLUTIONS   REQUIRED 

Acid  Ammonium  Sulphate 

Strong  Ammonia 15  cc. 

Sulphuric  Acid  (1  part  acid  to  1  part  water) 50  cc. 

Diluted  to  one  litre. 

Standard  Potassium  Permanganate.  Two  grams  potassium 
permanganate  dissolved  in  one  litre  of  water.  One  cc.  equals 
approximately  .0056  per  cent  phosphorus  on  a  one  gram  basis. 
The  known  phosphorus  of  a  standard  steel  is  used  as  the  basis 
of  standardization. 

Gravimetric  Method 

Weighing  as  Ammonium  Phosphomolyhdate 

One  to  five  grams  of  the  sample  are  transferred  to  a  No.  5 
glazed  porcelain  dish  with  cover  glass,  25  to  60  cc.  of  nitric  acid 
(1.13  sp.  gr.)  are  cautiously  added,  gentle  heat  is  applied  until 
the  sample  is  completely  decomposed,  and  the  solution  is  then 
rapidly  boiled  to  dryness.  The  temperature  is  raised  gradually 
with  final  heating  of  the  uncovered  dish  over  the  full  flame  of  an 
Argand  or  Bunsen  burner  to  the  complete  expulsion  of  the  acid. 
After  cooling  sufficiently  to  avoid  danger  of  breaking  the  dish, 
30  cc.  of  concentrated  hydrochloric  acid  are  added,  heat  is  apphed 
until  the  soluble  salts  are  dissolved,  and  the  solution  rapidly 
boiled  to  the  first  appearance  of  the  separation  of  the  chlorides. 
This  evaporation  is  conducted  with  the  same  regard  to  the  pre- 
vention of  the  formation  of  a  crust  upon  the  sides  of  the  dish  as 
in  the  previously  described  method  for  the  determination  of  sul- 
phur. The  dish  is  removed  from  the  heat,  10  cc.  of  strong  nitric 
acid  added  and  heat  again  apphed  for  about  one  minute.  Cold 
water  is  added  to  volume  of  about  60  cc,  the  solution  stirred  with 
a  clean  glass  rod  and  filtered  into  a  suitable  flask;  the  residue, 
collected  upon  an  11  cm.  filter,  is  washed  with  two  per  cent 
nitric  acid  and  hot  water  alternately  until  free  from  iron,  which 
insures  also  the  complete  removal  of  the  soluble  phosphate. 

When  the  iron  contains  titanium  in  amount  sufficient  to  inter- 
fere with  the  precipitation  of  the  phosphorus  and  an  exact  deter- 
mination is  required,  the  residue  of  sihca  and  graphitic  carbon  is 
ignited  in  a  platinum  crucible,  the  sihca  volatiUzed  with  hydrofluo- 
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ric  acid  in  the  presence  of  a  few  drops  of  sulphuric  acid  and  the 
resultant  residue  ignited  and  fused  with  sodium  carbonate.  The 
melt  is  boiled  with  hot  water  until  disintegrated,  the  insoluble 
titanate  is  collected  upon  a  filter  and  the  soluble  phosphate  added 
to  the  main  solution. 

To  the  clear  filtrate  with  a  volume  of  about  150  cc,  25  cc.  of 
strong  ammonia  are  added  at  once  and  the  flask  is  shaken  until 
the  resultant  precipitate  has  coagulated.  The  addition  now  of 
25  cc.  of  strong  nitric  acid  renders  the  solution  clear  and  furnishes 
an  excess  of  about  10  cc.  of  strong  nitric  acid  —  which,  it  is  found, 
jdelds  a  pure  crystalline  precipitate  of  the  phosphomolybdate 
with  no  tendency  to  creep.  The  relatively  large  amounts  of 
ammonia  and  nitric  acid  added  are  prescribed  in  the  case  of  5 
gram  samples  and  are  essential  in  that  they  insure  a  sufficient 
proportion  of  ammonium  nitrate  in  the  solution.  It  is  evident 
that  these  additions  may  be  decreased  with  smaller  initial  weights 
of  the  sample,  but  it  will  be  found  advantageous  to  maintain 
approximately  the  excess  of  10  cc.  of  the  nitric  acid. 

With  the  solution  at  a  temperature  of  80°  C,  50  to  75  cc.  of 
the  molybdate  solution  are  introduced  and  the  solution  agitated 
for  about  five  minutes.  When  the  yellow  precipitate  has  finally 
subsided,  it  is  collected  upon  a  previously  dried  and  weighed 
9  cm.  filter,  the  filter  and  contents  are  washed  thoroughly  with 
two  per  cent,  nitric  acid,  dried  for  one  hour  in  an  air  bath  at  a 
temperature  of  about  115°  C.  and  weighed  between  watch  glasses 
with  ground  edges  and  enclosed  in  a  suitable  clip.  It  is  of  course 
essential  that  the  light  weight  of  the  previously  dried  paper  shall 
have  been  obtained  under  the  same  conditions.  The  increase  in 
weight  multiplied  by  1.63  and  divided  by  the  initial  weight  taken 
is  equivalent  to  per  cent  phosphorus. 

Weighing  as  Magnesium  Pyrophosphate 

The  yellow  precipitate  as  above  obtained  is  dissolved  on  the 
filter  with  hot  ammonium  citrate  solution  and  the  filter  thoroughly 
washed  with  hot  water,  and  the  solution  retained  in  a  No.  0 
beaker.  To  this  cold  solution,  5  to  10  cc.  of  the  magnesia  mixture 
are  added,  the  solution  is  well  stirred  and  allowed  to  stand  in  the 
cold  not  less  than  three  hours.     The  precipitate  of  magnesium 
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phosphate  is  collected  upon  a  9  cm.  close  ashless  filter,  washed 
with  dilute  ammonia,  ignited  at  a  low  temperature  to  the  dis- 
appearance of  the  carbon  of  the  filter  and  finally  for  ten  minutes 
at  the  full  temperature  of  the  blast.  The  weight  of  the  magne- 
sium pyrophosphate  multiplied  by  27.87  and  divided  by  the 
initial  weight  taken  is  equivalent  to  per  cent  phosphorus. 

SOLUTIONS   REQUIRED 

Ammonium  Citrate 

Citric  Acid 50  grams 

Strong  Ammonia 350  cc. 

Water ' 650  cc. 

Magnesia  Mixture 

Magnesium  Sulphate 84  grams 

Ammonium  Chloride 250  grams 

Water 665  cc. 

Ammonia 335  cc. 

Dilute  Ammonia 

Strong  Ammonia 200  cc. 

Water 800  cc. 

DETERMINATION    OF   MANGANESE 

Walters'  Color  Comparison  Method 

Fifty  to  two  hundred  mg.  of  the  sample  are  transferred  to  a 
suitable  tube  or  flask,  preferably  an  8  inch  by  1  inch  test  tube  or  a 
two  ounce  Erlenmeyer  flask,  10  cc.  of  nitric  acid  (1.20  sp.  gr.) 
added  and  heat  apphed  either  in  a  water  bath  or  on  a  hot  plate 
until  the  sample  is  decomposed.  About  one-half  gram  of  moist 
ammonium  persulphate,  or  its  equivalent  solution,  is  added  and 
the  heating  continued  until  the  combined  carbon  is  completely 
oxidized.  If  silica  or  graphitic  carbon  separate  in  amount  sufficient 
to  render  it  necessary,  the  solution  is  filtered  into  a  similar  vessel 
and  the  residue  retained  on  a  small  filter.  The  filter  and  residue 
are  washed  with  the  minimum  of  water,  or  the  15  cc.  of  silver 
nitrate  solution  required  for  the  subsequent  oxidation.  The  silver 
nitrate  is  introduced  either  through  the  filter  or  into  the  unfiltered 
solution,  one  gram  of  moist  persulphate  is  added  and  the  heating 
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continued  until  the  characteristic  pink  tint  of  the  permanganic 
acid  is  well  defined.  The  solution  is  cooled,  transferred  to  the  com- 
parison tube  and  the  color  matched  against  a  suitable  standard 
which  has  been  treated  in  exactly  the  same  manner  and  with  the 
same  relative  initial  weight.  The  relative  volume  of  the  solu- 
tion as  required  to  match  the  color  of  the  standard  is  equivalent 
to  hundredths  per  cent,  manganese. 

Volumetric  Method 

The  solution  of  permanganic  acid  is  transferred  to  a  beaker  or 
flask,  and  following  the  addition  of  10  cc.  of  sodium  chloride  solu- 
tion, the  standard  sodium  arsenite  is  added  to  the  definite  end 
point  of  the  disappearance  of  the  pink  tint.  The  volume  of  the 
solution  should  not  exceed  75  cc.  If  the  silver  is  not  precipitated, 
the  reaction  of  the  persulphate  with  the  silver  nitrate  renders  the 
endpoint  somewhat  fleeting  and  recurring.  If  conducted  without 
delay,  however,  the  titration  may  be  accomplished  with  perfect 
satisfaction.  The  end  point  in  this  case  while  not  so  permanent 
is  perhaps  somewhat  sharper  than  in  the  presence  of  the  chloride. 

When  desired,  a  greater  initial  weight  of  the  sample  may  be 
taken,  the  solution  thereof  diluted  to  a  definite  volume,  the  graph- 
ite and  silica  allowed  to  subside  and  ahquot  portions  withdrawn 
with  a  pipette. 

SOLUTIONS   REQUIRED 

Sodium  Chloride.  Two  and  one-half  grams  sodium  chloride 
to  one  litre  of  water. 

Silver  Nitrate.  About  66.5  grams  of  silver  nitrate  are  dissolved 
in  one  litre  of  water.  Twenty  cc.  of  this  diluted  to  one  litre  affords 
a  solution  of  which  15  cc.  is  equivalent  to  approximately  .02  gram 
of  silver  nitrate. 

Sodium  Arsenite.  A  stock  solution  is  prepared  by  dissolving 
10  grams  of  C.  P.  arsenious  acid  in  a  boihng  aqueous  solution  of 
sodium  carbonate  (30  grams  dissolved  in  250  cc.  of  water),  with 
final  dilution  of  the  cold  solution  to  volume  of  one  litre.  Sixty- 
two  and  one-half  cc.  of  this  solution  are  diluted  to  volume  of  one 
litre  for  the  working  solution  of  which  each  cc.  is  equivalent  to 
approximately  one-tenth  per  cent  manganese,    with  an  initial 
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weight  of  two-tenths  gram  of  the  sample.    The  known  manganese 
of  a  standard  steel  or  iron  is  used  as  the  basis  of  standardization. 

Ford's  Gravimetric  Method 

Five  grams  of  the  sample  are  transferred  to  a  No.  5  glazed 
porcelain  dish  with  cover  glass,  75  cc.  of  nitric  acid  (1.20 
sp.  gr.)  cautiously  added  and  gentle  heat  applied  until  the  sample 
is  decomposed,  and  the  solution  then  rapidly  boiled  to  complete 
dryness.  The  residue  is  baked  a  short  time  at  a  moderate  tempera- 
ture. The  dish  is  cooled,  35  cc.  of  strong  hydrochloric  acid  are 
added  and  heat  is  applied  until  the  soluble  salts  dissolve.  Cold 
water  is  added  to  approximately  60  cc,  the  solution  is  filtered  into 
a  No.  5  beaker  and  the  residue  caught  on  an  11  cm.  filter  and 
washed  with  the  least  amount  necessary  of  hot  dilute  hydrochloric 
acid  and  cold  water  alternately,  to  the  disappearance  of  the  soluble 
metallic  salts.  The  filtrate  is  boiled  to  low  bulk,  cooled,  50  cc. 
of  strong  nitric  acid  are  added  and  the  solution  is  again  boiled 
down  to  low  bulk.  The  evaporation  is  repeated  with  successive 
portions  of  nitric  acid  to  the  complete  expulsion  of  the  hydro- 
chloric acid  and  with  conversion  of  the  chlorides  to  their  corre- 
sponding nitrates ;  the  evaporation  at  this  point  is  carried  to  the 
first  indication  of  the  separation  of  the  nitrates  as  observed  in 
the  formation  of  a  small  nucleus  of  scum  floating  on  the  surface 
of  the  solution.  After  the  solution  has  cooled  somewhat,  75  cc. 
of  strong  nitric  acid  are  added  and  the  solution  is  again  brought 
to  the  boiling  point.  To  the  boiling  solution,  crystals  of  potassium 
chlorate  (five  grams  will  be  found  sufficient)  are  cautiously  added 
in  small  portions  from  a  glass  spoon,  and  the  solution  is  boiled 
for  five  minutes. 

The  solution  is  allowed  to  cool  before  filtering.  Filtration  is 
effected  through  the  medium  of  an  asbestos  plug  held  in  a  carbon 
filtering  tube.  The  asbestos  is  prepared  for  use  by  heating  with 
aqua  regia  to  remove  soluble  lime  salts  and  the  plug  is  washed 
with  strong  nitric  acid  before  using.  The  precipitated  manganese 
dioxide  on  the  filter  is  then  washed  with  successive  additions  of 
strong  nitric  acid  (free  from  nitrous  fumes)  to  the  practical  elimi- 
nation of  the  iron;  the  acid  is  added  first  to  the  beaker  and  trans- 
ferred from  thence  to  the  filter.    After  the  final  washing,  suction 
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is  continued  until  the  plug  is  practically  dry,  when  the  rubber 
stopper  carrying  the  filter  is  transferred  to  a  clean  flask.  The 
filtering  tube  is  filled  with  one  per  cent  solution  of  ammonium 
bisulphite  and  allowed  to  stand  about  one  minute,  suction  is  then 
applied,  successive  portions  of  the  bisulphite  solution  being  added 
until  the  last  trace  of  manganese  dioxide  is  dissolved;  the  soluble 
manganese  salt  is  finally  washed  from  the  asbestos  filter  with  hot 
water.  The  solution  is  transferred  to  a  No.  4  beaker  or,  if  pre- 
ferred, retained  in  the  flask,  10  cc.  of  strong  nitric  acid  added 
and  the  excess  of  the  bisulphite  decomposed  by  boiling.  The 
manganese  dioxide  could  be  dissolved  perhaps  more  conveniently 
by  means  of  hot  hydrochloric  acid,  but  the  use  of  the  bisulphite 
solution  obviates  the  possible  danger  of  contamination  by  traces 
of  soluble  hme  or  magnesia,  which  in  some  grades  of  asbestos 
seem  to  be  in  evidence  notwithstanding  numerous  successive  treat- 
ments with  the  hot  acid. 

The  solution  is  cooled  somewhat  and  ammonia  is  added  to  the 
point  of  a  faint  permanent  precipitate,  followed  by  the  addition 
of  15  cc.  of  a  twenty  per  cent  solution  of  ammonium  acetate. 
The  solution  is  boiled  two  minutes,  filtered  into  a  No.  5  beaker 
and  the  precipitate  of  the  basic  acetate  of  iron  collected  on  an  11 
cm.  filter.  The  beaker  or  flask  and  the  filter  are  washed  twice 
with  hot  water,  the  precipitate  is  dissolved  with  hot  dilute  nitric 
acid  and  the  solution  returned  to  the  vessel  in  which  the  precipi- 
tation was  effected.  The  filter  is  washed  with  hot  water  until 
free  from  iron  and  the  basic  acetate  precipitation  and  subsequent 
filtration  repeated. 

To  the  combined  filtrates  5  cc.  of  glacial  acetic  acid  are  added 
and  the  solution  is  again  brought  to  the  boiling  point;  the  cover 
glass  is  removed,  10  cc.  of  a  ten  per  cent  solution  of  ammonium 
or  sodium  phosphate  added,  and  with  the  solution  still  at  the 
boiling  point  and  with  constant  stirring,  strong  ammonia  is  added 
to  the  first  appearance  of  an  incipient  opalescence.  The  stirring 
is  continued  until  the  opalescence  has  developed  into  the  charac- 
teristic crystalline  precipitate,  at  which  point  the  addition  of  the 
ammonia  is  continued,  drop  by  drop  and  with  constant  stirring, 
until  the  total  of  25  cc.  has  been  added. 

The  precipitate  is  filtered  at    once  upon  an  11  cm.    ashless 
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filter  and  washed  with  dilute  ammonia  water     (two  per  cent) 

until  free  from  soluble  salts.    The  filter  and  residue  are  ignited  in 

a  weighed^' porcelain  or  alundum  crucible  at  a  low  temperature 

until  the  paper  is  burned  off,  and  finally  at  a  somewhat  higher 

but  still  moderate  temperature  for  ten  minutes. 

Residual  weight  x  38.69     -r,      ^     ,  ,t 

3-^ =rer  Cent  Manganese. 

5 

Determination  of  Total  Carbon 
Direct  Combustion  Method 

The  direct  combustion  of  the  carbon  of  iron  or  steel  and  their 
various  alloys  is  fast  coming  to  supersede  the  more  tedious  wet 
method.  Certain  Umitations  of  this  most  excellent  method,  how- 
ever, are  to  be  noted.  The  inherent  difiiculty  of  successfully 
burning  particles  of  steel  of  too  great  mass  is  apparent.  Certain 
samples  of  both  iron  and  steel  or  their  alloys  have  been  encountered 
of  such  a  character  as  to  necessitate  the  intimate  admixture 
therewith  of  a  finely  divided  metallic  oxide,  or,  in  the  case  of  certain 
irons,  fine  drillings  of  low  carbon  steel  to  assist  in  the  oxidation. 
The  powder  of  the  crushed  test  of  white  iron  requires  a  somewhat 
longer  time  for  complete  combustion  than  the  drillings  from  the 
test  of  gray  iron  but  with  proper  care  may  be  burned  with  perfect 
satisfaction.  An  essential  requirement  in  the  conditions  of  the 
method  is  the  close  control  of  the  temperature  which  should 
approximate  a  constant  of  1000°  C.  and  should  not  fall  below 
960  C.  A  pyrometer  couple  will  be  found  convenient  in  control- 
ling the  temperature. 

The  combustion  is  conducted  preferably  in  a  fused  quartz 
tube  in  either  an  electric  or  suitable  gas-fired  furnace.  A  platinum 
tube  may  be  used  but  is  subject  to  damage  from  possible  splashing 
of  the  oxidized  metal  and  is,  moreover,  much  more  expensive 
than  the  quartz.  The  use  of  Htharge  or  other  volatile  and  easily 
reducible  oxides  is,  of  course,  prohibited  in  the  platinum  tube. 
The  quartz  tube  is  24  inches  long  by  three-quarters  inch  or  seven- 
eighths  inch  inside  diameter,  free  from  seams  and  selected  of  uni- 
form diameter.  Platinized  asbestos,  which  may  be  secured  at 
either  end  by  short  plugs  of  platinum  gauze,  is  inserted  for  a  space 
of  five  or  six  inches  in  the  tube  immediately  following  the  position 
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;o  be  occupied  by  the  boat.  The  rubber  stopper  at  the  end  of 
he  tube  may  be  protected  by  the  insertion  of  a  removable  plug 
)f  asbestos  conveniently  enclosed  in  a  thin  roll  of  platinum  gauze, 
i^latinum,  nickel,  alundum,  porcelain  or  clay  boats  may  be  used, 
rhe  dimensions,  three  to  three  and  one-half  inches  long,  by  one- 
luarter  inch  deep,  one-half  inch  wide  at  the  bottom,  flaring  to 
ive-eighths  inch  at  the  top,  all  inside  measurements,  will  be  found 
;onvenient.  Suitable  furnaces  for  either  direct  or  alternating 
lurrent,  with  transformers,  rheostats,  etc.,  to  suit  the  individual 
equirements  may  be  obtained  of  the  trade. 

The  oxygen  from  the  high  pressure  cylinder  under  control  of 
he  reducing  valve  is  purified  by  passing  through  caustic  potash 
olution  of  1.27  sp  gr.  contained  in  washing  bottles,  preferably 
wo  arranged  in  tandem.  A  glass  tube  of  convenient  form  and 
ize,  filled  with  granulated  zinc,  may  be  connected  to  the  exit 
;nd  of  the  combustion  tube  to  retain  possible  fumes  of  sulphuric 
.nhydride  formed  in  the  combustion  of  high  sulphur  irons.  When 
he  potash  absorbent  is  used,  a  calcium  chloride  drying  tube  pre- 
ieding  the  bulb  or  bottle  is  necessary. 

Factor  weights  may  conveniently  be  used  in  the  direct  combus- 
ion  as  follows:  For  the  potash  absorption  and  weighing  of  the 
)ulb,  .2727  gram  or  .5454  gram,  where  each  one-tenth  mg.  gain 
n  weight  of  the  bulb  is  equivalent  to  .01  per  cent  or  .005  per  cent 
arbon  respectively.  For  the  barium  hydrate  absorption,  with 
gnition  of  the  barium  carbonate,  .304  gram  or  .608  gram,  where 
iach  one-tenth  mg.  of  the  weight  of  barium  carbonate  is  equiva- 
ent  to  .002  per  cent  and  .001  per  cent  carbon  respectively, 
^'or  the  titration  methods  it  is  convenient  to  employ  for  the  initial 
weight  even  gram  multiples,  preferably  250  mg.  to  500  mg. 

One-quarter  or  one-half  gram  or  the  suitable  factor  weight 
if  the  sample  is  transferred  to  the  boat.  The  boat  is  partially 
illed  with  ignited  alundum  depressed  in  the  center  in  the  form  of 
,  V  about  one  inch  in  length,  and  in  which  the  sample  is  sprea,d 
a  a  compact  mass.  This  intimate  contact  of  the  particles  of 
ron  conserves  the  heat  for  the  continuous  combustion  of  the 
arbon.  The  weighed  potash  container  or  the  Meyer  bulb  tube, 
o  which  has  been  added  80-100  cc.  of  the  l^arium  hydroxide  solu- 
ion  or  50  cc.  of  the  standard  potash  solution,  is  connected  with 
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the  tube  and  the  boat  is  carefully  pushed  to  its  position  in  the 
center  of  the  heat  zone.  The  stopper  of  the  tube  is  replaced  and, 
with  all  connections  tight,  the  current  of  oxygen  is  started  at  a 
rate  approximating  a  continuous  bubbling,  as  observed  in  the 
purifying  solutions.  It  is  essential  that  the  tube  should  have 
acquired  the  maximum  temperature  before  the  introduction  of 
the  boat,  a  condition  which  will  naturally  obtain  in  the  case  of  a 
continuous  routine  of  combustion. 

The  first  indication  of  the  oxidation  is  observed  in  the  sudden 
decrease  of  the  bubbling  of  the  oxygen  through  the  absorption 
vessel.  As  the  rate  decreases  the  flow  of  oxygen  is  somewhat 
accelerated  until  the  conclusion  of  the  oxidation  process  as  indi- 
cated by  the  recurrence  of  the  rapid  flow  through  the  exit;  the 
flow  of  oxygen  is  then  reduced  to  the  normal  rate  which  is  main- 
tained for  ten  minutes  to  insure  the  complete  oxidation  of  all  the 
carbon  and  the  final  absorption  of  the  resultant  carbondioxide. 
The  absorption  vessel  is  disconnected,  the  current  of  oxygen  dis- 
continued and  the  analysis  concluded  by  either  weighing  the 
potash  bulb;  titrating  the  standard  solution  of  caustic  potash; 
filtering,  igniting  and  weighing  the  precipitated  barium  carbonate; 
or  titrating  the  excess  of  the  barium  hydrate  solution  with  a  weak 
solution  of  hydrochloric  acid  and  without  preliminary  filtration. 

BY  INCREASE  OF  THE  WEIGHT  OF  THE  POTASH  BULB  OR  BOTTLE 

The  perfectly  clean  and  dry  bulb  or  bottle  is  at  once  weighed. 
The  increase  in  weight  as  noted  in  connection  with  the  initial 
weight  of  the  sample  is  corrected  to  per  cent  carbon. 

The  potash  container  is  prepared  for  use  by  carefully  introducing 
the  required  volume  of  the  solution,  connecting  with  the  apparatus 
and  passing  a  current  of  oxygen  through  the  hot  combustion  tube 
to  the  complete  displacement  of  the  air  in  the  container.  The 
vessel  is  disconnected  and  at  once  weighed.  The  weight  so  ob- 
tained furnishes  the  light  weight  for  the  succeeding  combustion. 

TITRATION    OF   THE    CAUSTIC   ALKALI 

The  absorption  in  this  case  is  effected  in  a  Meyer  bulb  tube 

containing  50  cc.  of  the  potash  solution,  accurately  measured. 

he  contents  of  the  tube  are  transferred  to  a  flask,  the  tube  is 
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cleansed  with  freshly  boiled  water,  three  drops  of  the  phenol- 
phthalein  solution  are  introduced  and  dilute  hydrochloric  acid 
(one  part  acid  to  one  part  water)  carefully  added  until  the  color 
begins  to  i  ade.  The  more  dilute  standard  acid  is  then  added  until 
the  addition  of  one  drop  just  discharges  the  pink  tint.  The 
excess  alkali  which  has  not  entered  into  combination  with  the 
carbon  dioxide  has  now  been  neutralized  and  the  solution  is 
ready  for  the  actual  titration.  One  drop  of  the  methyl  orange  or 
methyl  red  solution  is  added  and  the  standard  acid  added  in 
successive  portions  until  the  addition  of  one  drop  causes  the  charac- 
teristic change  from  the  yellow  to  the  rose  tint  in  the  solution. 
The  measure  of  the  acid  required  for  this  titration  minus  the  equiv- 
alent required  in  the  blank  titration  and  multiplied  by  the  carbon 
value  of  the  solution  equals  per  cent  carbon. 

If  preferred,  the  titration  may  be  conducted  with  the  phenol- 
phthalein  indicator,  the  measure  of  the  standard  acid  required 
to  discharge  the  pink  tint  being  deducted  from  the  blank  equiva- 
lent and  calculated  to  per  cent  carbon  as  above.  This  method, 
however,  would  not  appear  to  offer  any  advantage  over  the  other 
and  obviously  requires  more  of  the  standard  acid. 

The  blank  equivalent  is  established  by  passing  the  oxygen 
through  the  hot  combustion  tube  and  into  the  measured  volume 
of  the  absorbent  solution  with  final  titration  as  outlined  above. 
The  carbon  value  of  the  acid  solution  is  estabUshed  by  titration 
of  the  measured  volume  of  the  potash  solution  following  the 
combustion  of  a  standard  steel.  Additional  confirmation  may 
be  had  by  titrating  against  a  standard  solution  of  sodium  car- 
bonate. The  use  of  sodium  oxalate  in  this  connection  is  recom- 
mended. 

SOLUTIONS   REQUIRED 

Standard  Acid,  one-sixth  normal.  Fifteen  cc.  hydrochloric  acid 
(1.20  sp.  gr.)  diluted  to  one  Utre. 

Caustic  Potash,  one-sixth  normal.  Nine  and  one-half  grams 
diluted  to  one  htre.  This  solution  need  not  of  necessity  be  abso- 
lutely one-sixth  normal. 

Phenolphthalein.  One  gram  dissolved  in  one  Utre  of  ethyl 
alcohol. 

Methyl  Orange.     One  gram  dissolved  in  one  Utre  of  water. 

Methyl  Red.     One  gram  dissolved  in  one  Utre  of  ethyl  alcohol. 
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FILTRATION  AND  IGNITION  OF  THE  BARIUM  CARBONATE 

The  bulb  tube  is  detached  from  the  train,  the  index  finger  of 
the  left  hand  being  simultaneously  placed  over  the  exit  end  in 
order  to  prevent  the  solution  from  flowing  back  in  the  tube. 
The  solution  is  filtered  through  an  11  cm.  ashless  filter,  the  filter 
and  precipitate  are  washed  with  freshly  boiled  water  (six  good 
washings  will  be  found  sufficient),  ignited  in  a  weighed  platinum 
crucible  at  a  moderate  temperature  to  the  disappearance  of  the 
carbon  of  the  filter  and  finally  at  a  good  full  heat  for  five  minutes. 
The  weight  of  the  barium  carbonate  multiplied  by  6.08  and 
divided  by  the  weight  taken,  or  with  correction  in  agreement 
with  the  initial  factor  weight,  is  equivalent  to  per  cent  carbon. 
The  solution  and  precipitate  are  transferred  to  the  filter  either 
by  way  of  the  bulb  entrance  with  control  of  the  flow  by  the  index 
finger  upon  the  open  exit  end  of  the  tube  or  by  control  with  the 
thumb  placed  over  the  bulb  entrance  with  the  solution  poured 
through  the  exit  end.  The  precipitate  may  be  readily  removed 
by  shaking  the  tube  after  successive  additions  of  the  water.  The 
washing  is  conducted  as  thoroughly  and  expeditiously  as  possible 
and  care  is  exercised  to  avoid  the  passage  of  air  unduly  through 
the  filter. 

TITRATION    OF    THE    EXCESS    BARIUM    HYDROXIDE 

The  bulb  tube  is  detached  as  before,  the  solution  and  precipitate 
are  transferred  to  a  twelve  ounce  Erlenmeyer  flask,  and  the  tube 
thoroughly  washed  with  freshly  boiled  water.  Three  drops  of 
the  indicator  solution  are  introduced  and  the  standard  hydrochloric 
acid  is  added  in  successive  small  portions,  while  the  flask  is  shaken, 
to  the  disappearance  of  the  pink  tint.  The  agitation  of  the  solution 
insures  the  recovery  of  any  carbon  dioxide  liberated  upon  the 
addition  of  the  acid.  The  equivalent  of  the  acid  required  in  a 
preliminary  blank  titration  minus  the  measure  required  in  the 
actual  titration,  multiplied  by  the  factor  of  the  solution  as  de- 
termined by  frequent  combustions  of  a  standard  steel  and  in 
agreement  with  the  initial  weight  of  the  sample,  is  equivalent  to 
per  cent  carbon. 
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SOLUTIONS   REQUIRED 

Standard  Hydrochloric  Acid.  Eight  cc.  of  strong  hydrochloric 
acid  diluted  to  one  Htre.  Freshly  boiled  water  should  be  used  in 
making  up  the  solution.  One  cc.  of  this  solution  is  equivalent  to 
approximately  .05  per  cent  carbon  on  a  one  gram  basis. 

Barium  Hydroxide.  Twenty  grams  of  barium  hydroxide 
crystals  are  dissolved  in  one  litre  of  hot  freshly  boiled  water  and 
the  flask  covered  and  set  aside  to  cool.  When  the  solution  has 
reached  the  room  temperature,  it  is  filtered  as  rapidly  as  possible 
through  a  25  cm.  filter  into  the  container.  The  solution  is  pref- 
erably withdrawn  from  the  container  by  means  of  an  overflow 
pipette  in  conjunction  with  a  suitable  guard  tube  filled  with  soda 
Ume  or  caustic  potash  solution. 

Phenolphthalein.  One  gram  dissolved  in  one  Utre  of  ethyl 
alcohol. 

Solution  and  Combustion  Method 

The  conditions  involved  in  the  operation  of  this  method  admit 
of  the  employment  of  a  greater  initial  weight  of  sample  than  in 
the  previously  described  Direct  Combustion  Method. 

One  gram,  or  if  the  barium  hydroxide  absorbent  is  to  be  used, 
a  ten  factor  weight  (.608  gram)  of  the  sample  is  transferred  to  a 
No.  2  beaker  or  four  ounce  Erlenmeyer  flask;  100  cc.  of  the  solution 
of  copper  and  ammonium  chloride  or  the  potassium  salt  are  added 
and  the  covered  beaker  is  placed  on  a  suitable  stirring  machine 
or  stirred  by  hand,  at  a  temperature  of  60  to  70°  C.  until  in  solu- 
tion ;  or,  if  a  flask  is  used,  it  is  placed  on  a  shaking  machine  or  closed 
with  a  clean  rubber  stopper  and  shaken  by  hand  until  solution  is 
complete. 

The  carbonaceous  residue  is  collected  upon  a  filter  of  purified 
ignited  asbestos  made  up  in  a  perforated  platinum  boat,  Gooch 
crucible  or  other  suitable  form  of  holder.  The  residue  is  washed 
by  decantation  with  dilute  hydrochloric  acid  to  the  disappearance 
of  color  in  the  washings,  then  transferred  to  the  filter  and  washed 
with  cold  water  until  the  acid  is  completely  removed.  Prehminary 
drying  of  the  residue  is  not  essential  in  routine  work,  but  where 
the  refinement  of  accuracy  is  desired,  it  is  recommended  that  the 
residue  be  dried  in  a  hot  air  or  steam  bath  at  a  temperature  of 
100°  to  105°  C.    The  residue  is  ignited  in  a  platinum  or  silica  tube, 
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tic  carbon  and  silica  are  removed  by  filtration,  and  the  filtrate 
retained  in  a  100  cc.  graduated  flask  or  cylinder.  The  filter  is 
washed  with  cold  water  to  the  disappearance  of  color;  the  solution 
is  diluted  to  volume,  thoroughly  mixed,  and  10  cc.  withdrawn 
with  a  pipette  and  transferred  to  the  comparison  tube.  The 
color  is  then  compared  with  the  color  of  the  solution  of  a  standard 
iron  in  a  similar  tube  and  which  has  been  treated  in  exactly  the 
same  manner  and  with  the  same  relative  initial  weight.  The  simple 
calculation  involved  in  the  relative  volumes  of  the  two  solutions 
yields  the  per  cent  carbon  in  the  sample. 

A  convenient  aliquot  portion  of  the  above  solution  may  be  em- 
ployed for  the  determination  of  manganese  by  the  persulphate 
color  method. 

DETERMINATION    OF   TITANIUM 

Five  grams  of  the  sample  are  transferred  to  a  No.  5  glazed 
porcelain  dish  or  to  a  No.  4  beaker,  with  cover  glass;  50  cc.  of  strong 
hydrochloric  acid  are  added  and  the  sample  is  digested  until 
completely  decomposed.  Practically  all  of  the  titanium  is  said 
to  remain  insoluble  with  the  silica  and  graphitic  carbon.  The 
insoluble  residue  is  collected  upon  an  11  cm.  filter,  washed  a  few 
times  with  hot  water,  ignited  in  a  platinum  crucible  and  the 
silica  volatilized  with  hydrofluoric  acid  in  the  presence  of  a  few 
drops  of  sulphuric  acid.  The  residue  is  then  carefully  ignited  to  the 
complete  expulsion  of  the  hydrofluoric  acid,  which  if  retained 
prohibits  the  subsequent  colorimetric  determination  of  the 
titanium. 

Should  it  be  desired  to  determine  the  usually  quite  negligible 
amount  of  titanium  in  the  filtrate  from  the  insoluble  residue,  it 
is  recovered  as  follows:  The  filtrate  in  a  No.  5  beaker  is  diluted 
to  250  cc.  and  strong  ammonia  added  to  the  first  appearance  of 
a  precipitate  which  slowly  dissolves  upon  stirring.  Dilute  am- 
monia (two  per  cent)  is  added  to  a  faint  permanent  precipitate, 
which  is  then  dissolved  by  the  addition  of  15  cc.  of  a  ten  per  cent 
solution  of  hydrochloric  acid.  The  precipitate  thus  formed  should 
dissolve  rather  slowly  following  vigorous  stirring  of  the  solution. 
One  hundred  cc.  or  more  of  a  twenty  per  cent  solution  of  sodium 
hyposulphite  are  added  and  the  solution  in  the  beaker  is  stirred 
until  the  iron  is  completely  reduced  and  the  free  sulphur  begins 
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to  separate.  The  solution  is  then  boiled  for  ten  minutes  and  the 
precipitated  titanic  acid  allowed  to  subside  and  collected  upon  an 
11  cm.  filter.  The  filter  and  precipitate  are  washed  free  from  solu- 
ble salts  with  dilute  acetic  acid  (two  per  cent)  and  ignited  in  the 
crucible  containing  the  ignited  residue  from  the  previously  con- 
ducted volatilization. 

The  combined  residues  are  fused  with  four  grams  of  sodium 
carbonate,  the  melt  is  disintegrated  by  boiling  with  hot  water, 
and  the  insoluble  sodium  titanate  is  collected  upon  a  9  cm.  filter 
and  washed  with  hot  water  containing  a  little  sodium  carbonate. 
Hot  dilute  sulphuric  acid  is  added  to  the  crucible  which  is  then 
heated  until  the  titanate  is  completely  dissolved.  The  filter  is 
spread  upon  the  bottom  of  a  No.  2  beaker,  the  contents  of  the 
crucible  transferred  thereto,  and  the  crucible  washed  thoroughly 
with  hot  water.  The  beaker  is  then  heated  until  the  titanium  salt 
dissolves,  when  the  paper  is  removed  and  its  burden  of  titanium 
sulphate  returned  to  the  beaker  by  washing  with  hot  water.  The 
solution  is  then  transferred  to  the  color  comparison  tube  or  if 
necessary  to  a  graduated  flask  and  aliquot  portions  taken.  Shreds 
of  filter  paper  which  may  be  observed  in  the  solution  are  removed 
by  filtration. 

In  the  color  comparison,  5  cc.  of  C.  P.  hydrogen  peroxide  are 
added  to  the  solution  in  the  comparison  tube  and  the  solution  is 
diluted  to  a  volume  yielding  a  color  convenient  for  the  subsequent 
comparison.  A  color  equivalent  to  .005  gram  of  titanium  in  100 
cc.  of  solution  will  be  found  convenient.  Water  acidified  with 
dilute  sulphuric  acid  (equal  parts  acid  and  water)  is  then  added 
to  the  standard  tube  to  a  volume  allowing  of  subsequent  necessary 
increase,  5  cc.  of  the  hydrogen  peroxide  is  added  and  the  standard 
titanium  solution  added  from  a  graduated  burette  in  successive 
small  additions  until  the  colors  agree.  The  measure  of  the  standard 
solution  required  multiplied  by  its  value  in  terms  of  titanium  and 
corrected  to  agreement  with  the  initial  volume  and  weight  is  equiv- 
alent to  per  cent  titanium.  If  the  color  of  the  solution  yielded 
by  a  convenient  weight  of  the  sample  is  of  insufficient  depth  for 
an  accurate  comparison,  adjustment  may  be  made  as  follows: 
A  measured  volume  of  the  standard  titanium  solution,  sufficient 
to  furnish  the  required  depth  of  color  is  added  to  the  solution  being 
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tested  and  the  comparison  conducted  as  above  described.  The 
volume  of  the  standard  solution  required  in  the  comparison  minus 
the  equivalent  previously  added  to  the  test  solution  is  calculated 
to  per  cent  titanium.  The  volume  of  the  two  solutions  must,  of 
course,  be  identical  in  the  final  comparison. 

In  preparing  the  standard  titanium  solution  1.05  grams  of  ignited 
C.  P.  titanic  acid  are  fused  with  ten  grams  of  sodium  carbonate. 
The  melt  is  digested  with  100  cc.  of  hot  water  to  the  complete 
solution  of  the  soluble  alkali  which  is  then  filtered  from  the  insolu- 
ble titanate.  The  residue  of  sodium  titanate  is  washed  with  hot 
water  containing  a  little  sodium  carbonate  and  dissolved  from  the 
filter  with  100  cc.  of  dilute  sulphuric  acid  (equal  parts  acid  and 
water)  and  the  solution  diluted  to  one  litre.  The  titanium  equiva- 
lent of  this  solution  is  ascertained  by  igniting  and  weighing  the 
precipitated  titanic  acid  of  an  aliquot  portion  following  a  separation 
with  sodium  hyposulphite  as  previously  described.  The  ignited 
salt  will  be  found  to  contain  approximately  95.6  per  cent  titanic 
acid.  One  cc.  of  the  solution  in  the  above  proportion  will  there- 
for contain  0.6  mg.  of  titanium. 

A  gravimetric  determination  of  the  titanium  in  the  iron  may  be 
conducted  in  the  same  manner,  but  inasmuch  as  in  the  colorimetric 
method  the  titanic  acid  as  separated  need  be  only  relatively  free 
from  contamination  by  occluded  salts,  it  is  apparent  that  the  latter 
method  may  be  used  to  advantage,  especially  where  many  such 
determinations  are  required. 

lDetermination  of  copper 
Gravimetric  Method 
Five  grams  of  the  sample  are  transferred  to  a  glazed  porcelain 
dish,  65  cc.  of  nitric  acid  (1.20  sp.  gr.)  are  added  and  the  covered 
dish  is  heated  until  solution  is  practically  complete.  Twenty- 
five  cc.  of  dilute  sulphuric  acid  (equal  parts  acid  and  water)  are 
then  added  and  the  solution  is  evaporated  to  fumes  of  sulphuric 
anhydride.  Ten  cc.  of  the  dilute  sulphuric  acid  followed  by  50 
cc.  of  hot  water  are  added,  the  residue  is  heated  until  in  solution, 
and  the  solution  is  filtered  into  a  No.  4  beaker  and  the  filter  washed 
with  hot  water.  The  filtrate  is  diluted  to  300  cc,  heated  to  boiling 
and,  with  the  addition  of  25  cc.  of  concentrated  ammonium  bisul- 
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phite  solution,  the  boiling  continued  to  the  complete  reduction 
of  the  iron.  Thirty  cc.  of  a  twenty  per  cent  solution  of  sodium 
hyposulphite  are  then  added  and  the  boiUng  is  continued  for  five 
minutes  or  until  the  precipitated  copper  sulphide  has  coagulated. 
The  precipitate  is  collected  upon  an  ashless  11  cm.  filter,  washed 
with  dilute  nitric  acid  (two  per  cent)  and  hot  water,  carefully 
ignited  and  weighed.  The  weight  of  the  copper  oxide  as  noted, 
multipUed  by  sixteen  (80  divided  by  5)  equals  per  cent  copper. 
Too  great  a  temperature  in  the  ignition  causes  the  copper  oxide 
to  fuse  on  the  crucible.  As  the  copper  oxide  is  somewhat  hygro- 
scopic, as  are  also  some  porcelain  crucibles,  less  error  is  encountered 
by  igniting  in  platinum. 

The  ignited  copper  oxide  carries  with  it  traces  of  contaminating 
iron.  If  it  be  desired  to  correct  this  usually  negligible  error,  the 
impure  oxide  is  dissolved  in  the  crucible  with  10  cc.  of  strong  nitric 
acid,  the  solution  transferred  to  a  No.  2  beaker  and  diluted  to 
100  cc;  the  iron  is  then  removed  by  an  ammonia  precipitation. 
The  precipitate  so  obtained  is  collected  upon  a  9  cm.  filter,  washed 
with  hot  water,  ignited  in  the  crucible  in  which  the  previous  igni- 
tion was  conducted  and  the  weight  of  ferric  oxide  noted.  This 
weight  is  deducted  from  the  weight  of  the  impure  copper  oxide 
and  the  correction  applied. 

Volumetric  Method 

The  nitric  acid  solution  of  the  impure  copper  oxide  in  the  No. 
2  beaker  obtained  as  above  described,  is  rapidly  evaporated  to  the 
removal  of  the  bulk  of  the  free  acid,  and  the  solution  diluted  with 
cold  water  to  volume  of  150  cc.  Strong  ammonia  is  then  added 
from  a  burette  until  the  addition  of  a  final  drop  causes  the  perma- 
nent blueing  of  the  solution,  after  which  there  is  added  by  means 
of  a  pipette  six  drops  of  acetic  acid.  Ten  cc.  of  a  forty  per  cent 
solution  of  potassium  iodide  are  added  and  the  standard  sodium 
hyposulphite  solution  is  run  in  until  the  color  of  the  Uberated 
iodine  has  almost  disappeared.  Ten  cc.  of  the  starch  solution  are 
now  added  and  the  addition  of  the  standard  sodium  hyposulphite 
solution  is  continued  to  the  final  disappearance  of  the  blue.  The 
number  of  cubic  centimeters  of  the  standard  solution  required 
multiphed  by  its  valuejn  terms  of  copper  and  divided  by  five  equals 
per  cent  copper  in  the  sample. 
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The  value  of  the  standard  hypo  solution  is  determined  by  titra- 
tion of  a  solution  of  pure  copper  or  by  titrating  the  solution  of  a 
steel  of  known  copper  content.  The  apparent  large  excess  of  the 
potassium  iodide  employed  is  because  of  its  relation  to  the  final 
endpoint  in  the  titration,  the  sharpness  thereof  decreasing  in 
proportion  as  the  excess  of  the  iodide  is  decreased;  the  presence 
of  ammonium  salts  in  the  solution  also  tends  to  lessen  the  per- 
manency of  the  endpoint,  hence,  the  necessity  for  the  preliminary 
evaporation  of  the  acid  solution. 

If  necessary,  the  time  required  for  the  volumetric  determination 
may  be  materially  lessened  by  initial  solution  of  the  sample  in 
50  cc.  of  dilute  sulphuric  acid  (one  part  acid  to  one  part  water), 
and  the  evaporation  to  dryness  and  filtration  from  the  siliceous 
residue  omitted.  The  iron  in  this  case  not  being  oxidized,  the 
boiling  with  the  ammonium  bisulphite  is  also  omitted.  The  copper 
oxide  so  obtained  is  contaminated  to  a  greater  degree  by  occluded 
iron,  which  if  it  be  present  in  the  final  titration  is  prejudicial  to  a 
satisfactory  endpoint.  This  iron  is,  however,  readily  removed 
by  filtration  following  the  evaporation  of  the  nitric  acid  solution 
previous  to  the  addition  of  the  ammonia.  It  is  apparent  also, 
that  following  the  nitric  acid  solution  of  the  sample,  the  preliminary 
treatment  with  ammonium  bisulphite  in  the  gravimetric  method 
may  be  dispensed  with,  as  the  reduction  may  be  accomphshed  by 
the  addition  of  a  sufficient  excess  of  the  sodium  hyposulphite 
solution  at  the  time  of  the  precipitation  of  the  copper  sulphide. 
The  precipitate  formed  under  such  conditions,  however,  carries 
an  unduly  large  burden  of  separated  sulphur,  the  presence  of  which 
would  appear  undesirable. 

SOLUTIONS   REQUIRED 

Standard  Sodium  Hyposulphite.  Eight  grams  to  one  litre.  One 
cc.  is  equivalent  to  approximately  .002  gram  copper. 

Starch  Solution.  The  solution  as  used  in  the  volumetric  deter- 
mination  of  sulphur. 


ANALYSE  DE   L'ACIDE   VANADIQUE  COMMERCIAL 

Note  PRfesENT:feE  par  G.  Chesneau 

Professeur  d'analyse  minerale  et  Diredeur  du  Bureau  d'Essais 

de  VEcole  des  Mines  de  Paris 

L 'Industrie  miniere  livre  actuellement  par  tonnes  aux  me- 
tallurgistes  de  I'acide  vanadique  destine  a  la  fabrication  du 
ferrovanadium  it  dcs  nombreux  alii  ages  vanadiferes  de  plus  en 
plus  employes  dans  les  constructions  mecaniques.  Ces  acides 
vanadiques  commerciaux  contiennent  environ  15  a  20%  d'im- 
puret^s  provenant  soit  des  minerals  (oxydes  de  fer,  de  manganese, 
alumine,  silice,  arsenic,  phosphore,  etc.,  soit  des  reactifs 
employes  dans  le  traitement  (notamment  de  la  sonde  qui  est 
entrainee  en  quantite  considerable  avec  I'acide  vanadique,  lor- 
sque  celui-ci  a  ete  obtenu  au  moyen  de  vanadate  sodique  pro- 
duit  par  fusion  du  mineral  avec  du  carbonate  de  sonde).  Si  I'- 
acide vanadique  a  ete  simplement  desseche,  il  est  facilement 
attaquable  par  les  acides  et  1 'analyse  ne  presente  pas  d'autres 
difficultes  que  celles,  d'ailleurs  tres  grandes,  des  separations 
habituelles  du  vanadium  d'avec  les  autres  elements;  mais,  comme 
il  contient  a^ors  pres  de  10%  d'eau  les  fabricants  d'acide  van- 
adique trouvent  preferable  en  general  de  le  calciner  pour  le  ren- 
dre  anhydre,  de  faQon  a  augmenter  sa  teneur  en  acide  vanadique 
pur  et  a  le  rendre  directement  utilisable  dans  les  traitements 
metallurgiques.  Or,  une  fois  calcine,  I'cide  vaanadique  commer- 
cial n'est  plus  que  partiellement  attaque  par  les  acides,  et  son 
analyse  complete  offre  alors  de  grandes  difficultes:  il  me  parait 
done  int^ressant  de  faire  connaitre  la  methode  a  laquelle  m'a 
conduit  leur  etude. 

1.  Humidite;  perte  au  feu.  L'humidite  se  determine  sur  1  gr. 
chauffe  a  120°  et  la  perte  au  feu  sur  la  meme  prise  d'essai,  cal- 
cinee  au  rouge  au  moufie  en  capsule  de  platine  taree;  il  pent  y 
avoir  gain  au  lieu  de  perte  au  feu,  si  le  produit  commercial  a  ete 
chauffe  en  atmosphere  reductrice  ou  en  presence  de  corps  re- 
ducteurs,  ayant  donne  des  oxydes  inferieurs  du  vanadium. 
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2.  Acide  vanadique;  silice;fer;  manganese;  chaux;  magnesie.  1  gr. 
du  produit  bien  pulverise  est  fondu  en  creuset  de  platine  avec 
2  a  3  gr.  de  carbonate  de  sonde  melange  de  1/10  de  nitre.  La 
masse  refroidie  est  reprise  par  I'eau  bouillante:  V2  O5,  Si  O2 
et  AI2  O3  passent  en  solution,  tandis  que  les  oxydes  de  fer  et  de 
manganese  restent  insolubles  avec  les  carbonates  de  chaux  et 
la  magnesie. 

I^e  residu  insoluble  lav6  sur  filtre  est  redissous  par  T  acide  chlor- 
hydrique  et  analyse  par  les  m^thodes  habituelles;  le  paroxyde 
de  fer  obtenu  et  le  filtrat  final  de  la  magnesie  contiemient  quel- 
ques  milligrammes  d 'acide  vanadique  entraine:  on  reprend  le 
peroxyde  de  fer  par  fusion  au  carbonate  de  sonde  et  lessivage 
a  I'eau  chaude  qu'on  rajoute  apres  1 'avoir  audifiee  par  I'acide 
azotique,  au  filtrat  de  la  magnesie  egalement  audifie,  on  concentre 
et  dans  la  liqueur  reduite  a  un  petit  volume  on  dose  colorimet- 
iquement  a  I'eau  oxygenic  cette  trace  d 'acide  vanadique. 

La  solution  alcaline  contenant  V2  O5  Si  O2  et  AI2  O3  est  audi- 
fiee par  I'acide  azotique  evaporee  a  sec  pour  insolubiliser  la  silice, 
puis  reprise  par  I'acide  azotique;  on  filtre  la  silice  puis  le  filtrat 
est  rendu  faiblement  ammoniacal  et  chauffe;  s'il  se  produit  un 
precipit^  d'alumine  (ou  de  PO4  Al  et  ASO4  Al)  on  le  filtre  cal- 
cine et  pese  puis  y  dose  comme-ci  dessus  colorim^trique  ment 
les  traces  de  V2  O5  entraine. 

Dans  le  filtrat  ammoniacal  bouillant  on  precipite  I'acide  van- 
adique au  moyen  du  nitrate  de  baryum  par  la  methode  de  A. 
Carnot^  donnant  le  corps  V2  O5  2B  a  C  qui  calcine  contient 
37,  24%  de  V2  O5.  Le  precipite  n'est  pas  il  est  vrai  rigoureuse- 
ment  complet  mais  cette  methode  offre  ainsi  que  je  1  'ai  constate, 
le  trfes  grand  avantage  sur  d'autres  vanadates  plus  insolubles 
que  le  corps  obtenu  a  une  composition  bien  constante  et  que 
la  methode  n'ayant  introduit  dans  la  solution  que  des  sels  in- 
colores  il  est  tr^s  facile  apres  avoir  concentre  et  acidifie  la  li- 
queur d'y  doser  colorimetriquement  a  I'eau  oxyg^nee  les  quel- 
ques  milligrammes  de  V2  Os  restes  en  solution. 

Du  poids  de  vanadate  de  baryum  obtenu,  on  doit,  le  cas  ech- 
eant,  retrancher  sous  forme  de  phosphate  et  d'arseniate  de  baryum 

'Comptes-rendus  de  1 'Academic  des  Sciences  de  Paris,  t.  104,  p.  1803; 
1887. 
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trimetallique  les  quantites  correspondant  aux  teneurs  de  P2  O5 
et  As2  O5  obtenues  plus  loin  (et  depassant  celle  qui  a  pu  etre  en- 
trainee  par  I'alumine  precipitee  ci-dessus). 

3.  Sonde.  La  sonde  est  dosee  aisement  par  la  m^thode 
classique  de  Lawrence  Smith}  sur  1  gr.  mais  en  ayant  soin 
d'ajou  ter  au  melange  de  carbonate  de  chaux  (8  gr.)  et  de  chlor- 
hydrate  d 'ammoniaque  (1  gr, )  3  gr.  de  carbonate  de  baryum 
pour  retenir  surement  I'acide  vanadique  dans  le  residu  insoluble; 
on  obtient  ainsi  du  chlorure  de  sodium  pur  et  des  filtrats  sans 
trace   appreciable   d'acide  vanadique. 

4.  Arsenic  et  phosphore.  On  fait  fondre  5  gr.  du  produit  avec 
10  gr.  de  carbonate  de  sonde  la  masse  est  reprise  par  I'eau  bouil- 
lante,  on  acidifie  par  HCl,  traite  a  froid  par  SO2  pour  reduire 
I'acide  arsenique  a  I'etat  arsenieuxj  chasse  SO2  par  la  chaleur, 
puis  fait  passer  a  froid  un  courant  d'hydrogene  sulfure  et  dose 
enfin   1 'arsenic   dans   le    precipite   par   les  methodes   ordinaires. 

Le  filtrat,  bouilli  pour  expulser  H2  S,  est  traite  par  2  a  3  cmc. 
d'acide  sulfurique  pur,  puis  concentre  a  chaud  jusqu'a  fum^es 
blanches  de  SO4  H2  pour  expulser  HCl ;  on  a  sinsi  un  petit  volume 
de  liqueur  bleue  contenant  le  vanadium  a  I'etat  d'acide  hypo- 
vanadique,  auquel  on  ajoute  son  volume  de  reactifmolybdique 
et  quelques  grammes  de  nitrate  d 'ammoniaque  puis  chauffe 
2  h.  a  40°:  Comme  a  cette  temperature  I'acide  hypovanadique 
n'est  oxyde  que  tres  lentement  par  I'acide  azotique  etendu, 
tout  le  phosphore  est  precipite  sans  que  la  hqueur  cesse  d'etre 
bleue  et  le  precipite  de  phosphomolybdate  d 'ammoniaque  n'en- 
traine  pas  de  quantites  appreciables  d'acide  vanadique. 

Cette  methode  appliquee  a  un  echantillon  d'acide  vanadique 
commercial,  preleve  sur  un  millier  de  kilogrammes,  m'a  donne 
les  r^sultats  suivants; 

Pour  100: 
Acide  vanadique  (V2  O5)  84,9 

Sonde  (Na20)  9,6 

Peroxyde  de  fer  (FegOg)  3,9 

Oxyde  de  manganese  (Mn304)  0,2 

Chaux  (CaO)  0,6 

lAmerican  Journal  of  Science  and  Art,  t.  1,  p.  269;  1871. 
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Magnesie 
Silice  (SiOa) 


Humidite 


Pour  100: 

traces 

0,5 

que  (AS2O5) 

0,65 

aorique  (P2O5) 

0,02 

0,2 

Total: 

100,57 

Gain  a  la  calcination 

0,3 

APPARATUS    FOR    THE    EXAMINATION    AND    STUDY 

OF  THE  BEHAVIOR  OF  VALVE  AND  CYLINDER 

OILS  AND  OTHER  PETROLEUM  LUBRICATING 

OILS  IN  SATURATED  AND  SUPERHEATED 

STEAM,  CARBON  DIOXIDE,  AIR 

AND  OTHER  CASES 

By  p.  H.  Conradson 
Chief  Chemist,  Galena-Signal  Oil  Company,  Franklin,  Pa. 

The  introduction  of  highly  superheated  steam  in  locomotive 
and  stationary  engine  practice  has  brought  about  the  necessity 
of  adding  tests  to  the  ones  usually  made  of  cylinder  oils,  whether 
straight  petroleum  stock,  or  the  mixture  of  same  with  smaller  or 
larger  amount  of  saponifiable  fats. 

The  WT-iter  has  constructed  and  used  an  apparatus  for  some 
time,  in  the  investigation  of  cylinder  oils  suitable  for  the  lubri- 
cation of  valves  and  cylinders,  in  connection  with  the  use  of 
highly  superheated  steam  in  locomotive  service. 

The  apparatus  consists  essentially  as  follows  (See  the  photo- 
graphic cut): 

A — Small  steam  boiler  with  gas,  steam  gauge  and  pipe  connec- 
tions. 

B — Superheater  with  armored  thermometer  "T"  and  steam 
connections  (a  small  circulating  water  heater  with  double  copper 
coils,  answers  very  well). 

C — Slight  feed  lubricator  with  connections. 

D — Steam  vessel  (a  conical  cast  iron  retort  for  distilling  mercury, 
about  95  mm,  deep  and  about  75  mm.  in  diameter  at  top  provided 
with  two  strong  screw  clamps  to  keep  the  lid  tight,  answers  very 
well)  surrounded  on  the  outside  as  indicated  in  the  photographic 
cut  by  a  coil  of  copper  pipe  5  to  6  mm.  inside  diameter,  for  further 
heating  of  the  steam  and  gases  used  in  the  tests :  this  coil  is  tapped 
into  the  bottom  of  the  steam  vessel  containing,  upon  a  suitable 
support,  a  dish  about  25  cc.  capacity  (in  ointment  box  about  5 
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mm.  in  diameter,  18  to  20  mm.  high)  into  which  the  oil  to  be  ex- 
amined either  is  fed  drop  by  drop  from  the  sight  feed  kibricator 
"C"  or  a  given  amount  of  oil  is  poured  into  the  cup  "I,"  Through 
the  lid  is  inserted  an  armored  thermometer  "T,"  shown  on  photo- 
graph reaching  down  into  the  dish. 

The  steam  vessel  thus  arranged  and  connected  up  is  surrounded 
and  covered  by  a  suitable  asbestos  hood.  "L,"  pipe  connections 
for  the  gases  used. 

E — Glass  cylinder  of  heavy  glass  about  200  mm.  long  18  to  20 
mm.  inside  diameter,  containing  as  shown  in  the  photograph  a 
small  rectangular  boat  or  dish;  beyond  "E"  is  a  glass  tubing  system 
"F"  connected  up  with  brass  fittings;  each  glass  tube  is  about  500 
mm.  long,  8  to  9  mm.  inside  diameter,  and  at  the  further  end  is 
attached  a  steam  separator  and  oil  collecting  vessel  "G,"  con- 
sisting of  an  ordinary  glass  chimney  fitted  up  with  brass  caps, 
and  to  this  by  means  of  copper  tubing  is  connected  the  condenser 

In  this  apparatus  any  desired  temperature  may  be  maintained 
at  least  up  to  1000°  Fah.,  which  is  300  to  400  degrees  higher  than 
is  required  under  most  exacting  service  conditions,  as  far  as  super- 
heated steam  temperature  is  concerned. 

In  studying  the  behavior  of  valve  and  cylinder  oils  in  an  atmos- 
phere of  superheated  steam,  the  steam  is  passed  from  the  small 
steam  boiler  through  the  superheater  "B"  and  into  the  steam 
vessel  "D"  through  its  pipe  coil  (lamp  being  lit  under  "D"), 
and  out  through  E,  F,  G,  and  H. 

When  the  temperature  reaches  and  is  regulated  in  "D"  to  400° 
Fah.,  oil  is  fed  drop  by  drop  from  the  sight  feed  lubricator  "C" 
or  the  cup  "I"  is  filled;  the  steam  is  shut  off  and  the  valve  in  the 
cup  "I"  opened,  letting  the  oil  run  into  the  dish  in  "D,"  the  steam 
valve  is  then  very  gradually  and  carefully  opened  so  as  to  let 
through  any  desired  amount  of  steam. 

The  temperature  in  "D"  is  maintained  for  a  given  length  of 
time  at  or  near  400°  Fah.,  noting  if  any  oil  vapors  are  coming 
over;  by  shutting  and  opening  the  steam  valve  it  is  easy  to  see 
if  any  vapors  are  coming  over  with  the  steam. 

The  temperature  is  increased  in  increments  of  25  to  50°  Fah., 
at  a  time,  until  the  desired  temperature  is  reached,  noting  the 
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lavior  of  the  oil  vapors  passing  on  with  the  steam  through  the 
3S  pipe  system,  etc.     It  is  interesting  to  note  the  behavior  of 

cylinder  oils  containing  rather  a  large  percentage  of  saponifiable 
3  or  fat  oils.  These  generally  come  over  to  a  great  extent  at 
ch  lower  temperatm-es  than  the  main  portions  of  the  petroleum 
ck  oils  that  are  generally  used  in  compounding  first-class  cylin- 

oils. 

n  further  study  of  the  behavior  of  oils,  the  boat  in  the  glass 
inder  ''E"  may  be  filled  through  the  cup  "I"  to  the  left,  and 
jected  at  various  temperatures  in  slow  currents  of  superheated 
im,  carbon  dioxide  and  air  or  mixtures  of  these.  The  glass 
nder  "E"  during  the  last  test  is  surrounded  by  heavy  asbestos 
ering  to  prevent  radiation. 

^he  cylinder  oils  may  leave  a  residue  in  the  dish  in  "D"  at  steam 
iperatures  below  700°  Fah.;  if  so,  such  residue  should  give  a 
ir  solution  in  90  cc.  0.65  sp.  gr.  (87°B)  petroleum  ether  (Penn- 
.'•ania)  and  show  no  precipitate  on  standing.  At  steam  tempera- 
3s  of  850  to  900°  Fah.,  generally  all  the  oil  has  volatilized  with 

steam,  and  good  oils  should  leave  no  carbonaceous  or  coky 
due. 

Vhile  this  apparatus  was  principally  designed  for  the  study  and 
avior  of  valve  and  cylinder  oils  in  atmospheres  of  steam  at 
ious  temperatures  as  above  indicated,  it  can  very  readily  be 
pted  for  the  study  of  other  oils  at  various  temperatures  in 
rents  of  air,  carbon  dioxide  or  other  gases  or  mixtures  of  these 
ti  and  without  steam. 
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APPARATUS    AND    METHOD    FOR    CARBON    TEST 

AND  ASH  RESIDUE  IN  PETROLEUM 

LUBRICATING  OILS 

By  p.  H.  Conkadson 
Franklin,  Pa. 

In  the  examination  of  lubricating  oils,  especially  those  intended 
for  gas  and  oil  engines,  air  compressors,  steam  turbines,  valve 
and  cylinder  oils,  etc.,  the  writer  has  found  that  the  carbon  residue 
from  the  so  called  "carbon  test"  at  times  contains  other  materials 
than  carbon,  such  as  chemicals  from  imperfect  refining  treatment, 
which  would  be  considered  as  carbon  unless  further  examined. 

The  following  method  and  apparatus  as  shown  in  accompanying 
photograph  have  proven  satisfactory  in  most  cases. 

The  apparatus  consists  of  an  iron  crucible  or  retort  (A)  (Skid- 
more's  Normal  School  or  similar)  of  about  200  cc.  capacity. 
Approximate  inside  dimensions:  diameter  on  top  80  mm.  (3|  in.), 
bottom  45  mm.  (If  in.),  height  55  mm.  (2|  in.).  Inside  of  the 
crucible  is  placed  upon  a  suitable  support  either  a  glass  crystalliz- 
ing dish  (B)  about  65  mm.  (2f  in.)  in  diameter  or  a  platinum  dish 
about  70  to  80  cc.  capacity;  the  latter  is  preferred  for  further  study 
of  the  carbon  residue.  In  the  lid  of  the  crucible  or  retort  are 
attached  two  tubes :  one,  an  exit  or  delivery  pipe  (D)  7  to  8  mm. 
Q  in.)  in  diameter  bent  as  shown  in  the  cut,  and  if  so  desired 
attached  to  a  condenser,  the  other  (E)  with  small  bore  2  mm. 
(1/16  in.)  in  diameter.  The  object  of  the  latter  is  to  blow  out  the 
heavy  fumes  generally  produced,  at  the  end  of  the  distillation 
process. 

The  test  is  conducted  as  follows:  35  grams  of  the  oil  are  placed 
in  the  weighed  dish  which  is  set  in  iron  retort  or  crucible,  the  cover 
with  its  pipe  connections  is  securely  clamped  down  (C)  (an  asbestos 
washer  is  found  suitable  to  make  a  tight  joint). 

The  apparatus  thus  ready  is  put  on  an  asbestos  block  resting 
on  a  tripod  and  covered  as  indicated  in  the  photograph  with  a 
sheet  iron  or  asbestos  hood  (G)  and  on  top  of  this  a  clay  chimney 
(H)  so  as  to  distribute  the  heat  uniformly  during  the  process. 
To  get  the  upper  part  of  the  apparatus  hot  at  the  beginning,  a 
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large  gas  flame  is  used  at  the  start  for  a  few  minutes,  then  lowered; 
the  distillation  should  be  uniform  and  at  the  rate  of  1  ce.  per 
minute.  The  long  exit  pipe  should  be  kept  comparatively  cool 
with  water-soaked  waste  in  case  a  condenser  is  not  used.  At  the 
end  of  the  distillation,  the  flame  is  raised  gradually  to  make  the 
bottom  and  lower  part  of  the  apparatus  red  hot  at  least  when 
heavy  fiire  test  oils  such  as  cyhnder  oils  are  tested,  and  through  the 
inlet  pipe  attached  to  a  rubber  tubing  is  momentarily  blown  at 
the  last  CO2  or  other  suitable  gases  to  drive  out  the  heavy,  dense 
fumes  or  vapors. 

After  cooling,  the  dish  containing  the  carbonaceous  residue  is 
weighed,  the  latter  ground  fine  and  leached  out  first  by  boiling 
with  water  (water  solution  is  tested  with  litmus  paper  for  alka- 
linity and  a  few  drops  with  Silver  Nitrate  solution  for  chlorides), 
next  digested  and  boiled  with  dilute  hydrochloric  acid  (1  +  1), 
filtered,  washed,  dried  and  weighed  again.  The  difference  in 
weight,  if  any,  gives  approximately  the  amount  of  foreign  matter 
in  the  carbon  residue.  The  carbon  residue  transferred  back  to  the 
platinum  dish  is  carefully  burned  off  with  a  little  pure  ammonium 
nitrate.  If  any  residue  is  left  it  is  weighed  and  deducted  from  the 
last  carbon  weight  and  dissolved  in  hydrochloric  acid.  The 
water  and  hydrochloric  acid  solutions  are  united  and  examined, 
qualitatively  or  quantitatively  as  the  case  may  require,  for  im- 
purities such  as  iron,  alumina,  lime,  sulphuric  acid  and  soda. 
(Some  petroleum  lubricating  oils  are  compounded  with  lead, 
aluminum,  zinc,  lime  or  magnesium  oleates  held  either  in  solution 
or  suspension  or  both;  before  making  the  above  test  it  is  well  to 
ascertain  first  if  any  of  these  compounds  are  present). 

Carbon  Residue  Impurities  in  Carbon 

per  cent  Residue  per  cent 

Turbine  Oil  0.02  None 

1— Gas  Engine  Oil  0.53  0.126  NA2SO4 

2— Gas  Engine  Oil  0.71  0.103  NA2SO4 

3— Air  Compressor  Oil  0.66  0.092  NA2SO4 

4— Motor  Oil  0.78  0.059  NA2SO4 

Sulphur  determination  in  No.  1  Gas  Engine  Oil  gave  according 
to  Conradson's  method: 

In  products  of  combustion   (lamp),  0.08%  Sulphur. 

In  wick  from  the  oil  (0.074%  SO3),  0.131%  NA2SO4. 


APPARATUS     AND     METHOD     FOR     SULPHUR      DE- 
TERMINATION   IN    PETROLEUM     ILLUMINAT- 
ING   AND    LUBRICATING   OILS 

By  p.  H,  Conradson 
Franklin,  Pa. 

The  methods  generally  used  in  determining  the  sulphur  in 
petroleum,  illuminating  and  lubricating  oils  do  not  fully  give  either 
the  total  amount  of  sulphur  compounds  that  might  be  present 
or  how  they  occur.  The  writer  has  found  that  in  many  inferior, 
poorly  refined  or  treated  petroleum  oils  large  percentages  of  the 
total  sulphur  compounds  present  may  be  due  to  sulphonates  or 
sulphates,  which  altogether  escape  notice  in  the  so  called  lamp 
methods  where  the  oil  is  only  partly  consumed  in  the  lamp;  while 
in  the  direct  oxidation  methods  no  distinction  is  made. 

In  the  examination  of  the  illuminating  (kerosene)  oils  used  in 
railroad  service,  such  as  in  locomotive  headlights  or  track  signal 
lamps  (long  time  burner  lamps)  which  latter  require  an  oil  with 
hardly  any  diminution  in  the  intensity  of  light  or  candle  power 
for  175  to  250  hours'  continuous  burning  with  no  attention;  or 
lubricating  oils,  such  as  used  in  steam  turbines,  gas  or  oil  engines, 
superheated  steam  valve  and  cylinder  lubrication,  high  pressure 
air  compressors  or  high  vacuum  air  pumps;  it  is  essential  to  dif- 
ferentiate between  the  sulphur  compounds  that  might  be  present 
in  the  oils.  Therefore,  the  writer  has  found  it  necessary  not  only 
to  burn  a  larger  amount  of  oil  in  the  lamps,  but  also  to  consume 
all  the  oil  in  the  oil  fount  and  make  a  careful  examination  of  the 
sulphur  compounds  that  may  remain  in  the  wick  from  the  oil. 

The  accompanying  photographic  cut  of  the  apparatus  is  self 
explanatory — using  ordinary  small  kerosene  burners  with  chimneys 
well  washed  and  dried  cotton  wicks  about  3  mm.  (|  in.)  in  mdth. 
The  lamp  founts  for  the  illuminating  oils  are  ordinary  glass  beakers; 
for  the  lubricating  oils,  funnels  having  the  stems  cut  off  and 
fastened  to  a  metal  socket.    The  burners  are  inserted  in  a  small 
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disk  (lid  of  an  ointment  box  with  a  hole  cut  to  fit  the  burner). 
Filter  tubes  of  strong  glass  with  stem  bent  at  right  angles  to  fit 
snugly  over  the  long  arm  of  the  stoppered  absorption  tubes;  the 
latter  are  about  350  mm.  (14  in.)  in  length  between  the  constriction 
and  exit  tube,  the  diameter  about  25  to  35  mm.  (1  in.  to  Ij  in.), 
and  contain  small  glass  beads  to  a  depth  of  about  80  mm.  (3  in.). 
(In  the  cut  the  second  absorption  tube  of  the  apparatus  to  the 
right  is  wrongly  connected.) 

The  products  of  combustion  are  aspirated  through  carbonate 
of  soda  solution  containing  6  grams  of  Na2C03  in  one  liter  of  water 
and  standardized  with  1/10  normal  hydrochloric  or  sulphuric 
acid.  In  testing,  place  25  to  50  cc.  of  the  soda  solution  in  the  first 
absorption  tube;  at  the  end  of  the  operation  the  soda  solution  is 
run  into  a  beaker  and  the  chimneys,  glass  filter  tubes  and  absorp- 
tion tubes  are  rinsed  out  with  water  and  the  solution  with  the 
washings  is  either  titrated,  using  methyl  orange  as  an  indicator, 
or  the  solution  may  be  oxidized  with  bromine  and  hydrochloric 
acid  precipitated  with  barium  chloride  solution  in  the  usual  way. 
Calculate  to  sulphur  (S).  The  wicks  are  separately  treated  and 
examined  for  sulphur  compounds  that  may  remain  in  the  same 
from  the  oil   as  hereinafter  described. 

ILLUMINATING   OILS 

For  low  sulphur  oils  such  as  kerosenes  made  from  Pennsylvania 
crudes,  15  to  20  grams  of  oil  are  used. 

For  kerosenes  made  from  Western  ^crudes  containing  larger 
percentages  of  sulphur  compounds,  10  to  15  grams  are  used. 

For  kerosene  oils  intended  for  severe  railroad  service,  either 
for  headlight  oil  purposes  or  in  long  time  burner  signal  lamps, 
it  is  well  to  make  two  sulphur  determinations,  one  as  above  indi- 
cated, the  other  as  follows: 

425  cc.  of  the  oil  are  carefully  distilled  in  a  600  cc.  Engler's 
distilling  fiask  at  the  rate  of  2  to  4  cc.  per  minute  (the  slower  rate 
at  the  beginning  and  at  the  end),  until  400  cc.  have  come  over; 
the  Engler's  flask  is  placed  on  an  asbestos  gauze  and  covered  over 
with  asbestos  wool  up  to  the  top  of  the  neck.  The  thermometer 
bulb  as  usual  is  placed  opposite  the  exit  tube. 

The  25  cc.  residue  in  the  distilling  flask  is  transferred  to  a  bottle 
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md  if  as  often  happens  with  ordinary  or  poorly  refined  kerosene 
>ils  a  deposit  or  sediment  is  formed,  more  or  less  adhering  to  the 
ides  and  bottom  of  the  flask,  it  should  be  carefully  removed  and 
,dded  to  the  residue  in  the  bottle  as  follows:  Use  successively 
thyl  ether,  chloroform,  95%  ethyl  alcohol  and  hot  water,  as  the 
ase  may  require.  The  liquids  are  united  and  evaporated  in  a 
mall  dish  and  the  residue  is  transferred  to  the  bottle  containing 
he  25  cc.  oil  residue  with  some  of  the  latter.  The  sulphur  com- 
lounds  are  then  determined  by  burning  the  whole  or  part  of  the 
bove  well  mixed  residue  to  dryness  in  the  apparatus  above 
escribed. 

LUBRICATING    OILS 

Five  to  ten  grams  of  lubricating  oils  are  burned  to  dryness  in  the 
imps  as  stated  with  kerosenes.  Spindle  oils,  thin  turbine  oils 
tid  automobile  oils  will  feed  through  the  wicks  until  they  are  all 
onsumed,  with  possibly  once  or  twice  trimming  of  the  formed 
rust;  with  thick,  high  viscosity  oils,  5  to  8  cc.  of  highly  refined 
J. 7  sulphur  kerosene  are  added  and  the  mixture  is  burned  to  dry- 
e3s  or  practically  so  and  then  2  cc.  more  of  the  kerosene  oil  are 
dded  and  burned  to  dryness. 

The  soda  solution  and  washings  are  treated  as  above  described, 
educting  for  the  sulphur  in  the  5  to  10  cc.  of  added  kerosene. 

The  wicks  from  the  above  described  lamp  tests  are  treated  as 
allows:  cut  same  in  small  pieces,  transfer  to  a  50  cc.  porcelain 
rucible,  add  0.200  gram  pure  dried  carbonate  of  soda  and  5  cc. 
.42  sp.  gr.  nitric  acid,  digest  on  steam  or  water  bath  (cover 
rucible  with  inverted  lid)  till  the  fibers  are  disintegrated,  then 
dd  2  grams  pure  crystallized  magnesium  nitrate,  continue 
tie  digestion,  gradually  raising  the  temperature  on  hot  plate 
r  protected  gas  flame  till  the  organic  matter  is  destroyed  and 
lost  of  the  nitrates  decomposed,  leaving  a  white  residue;  after 
Doling  add  sufficient  bromine  water  and  hydrochloric  acid,  boil, 
ilute  and  precipitate  with  barium  chloride  in  the  usual  way  and 
alculate  to  sulphuric  acid  (SO3).  This  includes  the  SO3  both  in 
)rm  of  sulphate  and  sulphonates,  if  both  are  present;  if  it  is 
esired  to  estimate  the  latter  separately,  boil  the  wicks  with  10 
D  15  cc.  strong  barium  hydrate  solution,  dilute  to  100  cc.  with 
oiling  water,  filter  and  wash.    The  filtrate  is  either  oxidized  with 
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bromine  and  hydrochloric  acid,  or  evaporated  with  a  few  drops 
of  nitric  acid  to  dryness  and  slightly  ignited,  and  the  residue 
treated  with  hydrochloric  acid  and  boihng  water.  The  insoluble 
BaS04  in  either  case  is  calculated  to  SO3  in  sulphonates. 

The  remaining  wicks  with  any  insoluble  barium  salts  are  then 
oxidized  with  nitric  acid  and  magnesium  nitrate,  the  residue  is 
taken  up  by  boiling  with  bromine  water  and  hydrochloric  acid; 
the  insoluble  if  any  (barium  sulphate)  calculate  to  SO3  present 
in  the  oil  as  sulphates. 

The  usual  precaution  of  making  blank  tests  with  the  chemicals 
or  reagents  and  wicks  should  not  be  omitted. 


Illuminating  Oils 

1  Kerosene  Original 

2  Kerosene  Original 

2a  Kerosene  in  25  cc.  Residue 

3  Kerosene  Original 

3a  Kerosene  in  25  cc.  Residue 

4  Kerosene  Original 

4a  Kerosene  in  25  cc.  Residue 

Lubricating  Oils 

1  Turbine  Oil 

2  Turbine  Oil 

3  Engine  Oil 

4  Machinery  Oil 

5  Heavy  Gas  Engine  Oil 


Sulphur  in  lamp 

calculated  to  S 

per  cent 


0.015  S. 
0.035  S. 
0.038  S. 
0.071  S. 
0.0135  S. 
0.018  S. 
0.057  S. 

0.035  SO3 
0.098  SO3 
0.354  SO3 
0.345  SO3 
0.080  SO3 


Sulphur  compounds 
in  wick  from  sul- 
phonates, and  sul- 
phates calculated  to 
SO3.  per  cent 

None 


Trace 
Trace 
0.0075 
0.013 

None 


None 
0.098 
0.018 
0.032 
0.074 


A    STUDY    OF    THE    SENSITIVENESS    OF    THE    BEAD 

AND  LEAD  DIOXIDE  TESTS  FOR  MANGANESE 

WITH    SPECIAL   REFERENCE   TO    THE 

INTERFERENCE   OF   IRON 

By  L.  J.  CuRTMAN  AND  A.  D.  St.  John 

New  York 

The  object  of  this  work  was  to  determine  j&rst  the  delicacy  of 
the  bead  and  lead  dioxide  tests  for  manganese  when  this  metal 
alone  is  present  and  second  the  influence  of  iron  on  these  tests, 
since  in  the  ordinary  quaHtative  procedure,  the  manganese  and 
iron  are  tested  for  in  the  same  precipitate. 

The  Bead  Test. —  The  bead  tests  were  made  in  the  customary 
way;  that  is  a  sodium  carbonate  bead  on  a  loop  of  platinum  wire 
of  approximately  3  mm.  in  diameter  with  a  volume  of  about 
0.03  cc.  was  fused  with  a  small  quantity  of  the  metalUc  compound, 
slightly  cooled,  and  then  touched  while  still  quite  hot  to  powdered 
potassium  chlorate.  A  special  procedure  referred  to  below  as 
"reheating,"  consisted  in  bringing  the  carbonate  bead  containing 
the  manganese  compound  and  adhering  potassium  chlorate  into 
the  upper  part  of  the  Bunsen  flame,  heating  to  quiet  fusion^,  and 
finally  cooling,  preferably  by  contact  with  a  cold  surface,  such  as 
a  porcelain  plate,  until  almost  cold.  By  this  "reheating"  process 
a  more  intense  coloration  was  produced,  and  in  cases  where  large 
amounts  of  iron  were  present,  it  had  the  effect  of  concentrating 
the  coloration  in  certain  parts  of  the  bead  notably  near  the  wire. 

Tests  were  first  made  to  determine  the  minimum  quantity  of 
manganese  which  would  give  a  green  coloration  to  the  bead.  To 
this  end  one  drop  (L05  cc.)  of  a  standard  manganese  chloride 
solution  was  carefully  absorbed  in  a  sodium  carbonate  bead  that 
had  been  previously  fused  and  cooled;  the  wet  mass  was  then 
slowly  and  cautiously  dried  by  heating  the  wire  (away  from  the 

^  Care  must  be  exercised  in  this  fusion  to  lose  none  of  the  bead  through 
sputtering  which  may  be  caused  by  the  use  of  too  much  chlorate  or  by  too 
rapid  heating. 
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bead)  and  finally  fused  and  brought  in  contact  with  potassium 
chlorate.  This  procedure  obviated  the  apparent  difficulty  of 
introducing  quahtative  amounts  of  precipitate  into  the  bead  and 
was  the  method  employed  in  all  the  bead  tests  except  where  other- 
wise stated.     The  following  results  were  obtained: 

TABLE  I 

SUBSTANCE   MnClz.iHzO 

Quantity  of  Mn  Result 

0.05      mg.  Very  good  green 

0.02      mg.  Very  good  green 

0.005    mg.  Good  green 

0.002    mg.  Fair  green 

0.001    mg.  Doubtful  but  fair  on  reheating 

0.0005  mg.  Trace  of  green  on  reheating  —  limit 

If  we  consider  the  volume  of  the  bead  0.03  cc.  and  its  sp.  gr. 

1.  (in  order  to  make  a  rough  comparison  with  other  color  reactions 

which  are  carried  out  in  aqueous  solution),  the  hmiting  test  would 

show  a  delicacy  of  one  part  in  60,000. 

Having  determined  the  sensitiveness  of  the  test  when  manganese 
alone  is  present,  the  next  step  was  to  investigate  the  interfering 
influence  of  iron.  Accordingly  standard  solutions  of  FeCl3.6H20 
and  MnCl2.4H20  were  mixed  in  varying  proportions  and  precipi- 
tated by  the  addition  of  an  excess  of  sodium  hydroxide.  A  small 
portion  of  the  filtered  precipitate  was  taken  up  on  the  bead  and 
the  test  completed  in  the  usual  way.     The  following  results  were 

obtained. 

TABLE  II 

Parts  Mn                    Parts  Fe  Result 

1  Very  good 

2  Very  good 

3  Good 

4  Fair 

5  Fair 

6  Fair 

Up  to  this  ratio  a  small  amount  of  the  wet  precipitate  was  used 
equal  to  about  one  quarter  of  the  bulk  of  the  bead.  With  in- 
creasingly large  amounts  of  iron,  however,  more  of  the  precipitate 
was  taken  up,  and  reheating  resorted  to  with  the  following  results. 
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TABLE  III 

Parts  Mn 

Parts  Fe 

Result 

25 

Good 

50 

Good 

100 

Good 

500 

Good 

1000 

Fair 

In  the  last  two  tests  the  blast  lamp  was  used,  and  a  quantity 
of  the  precipitate  equal  approximately  to  three  or  four  times  the 
volume  of  the  bead  was  taken  up  in  small  portions,  successively 
dried,  and  reheated  several  times.  These  results  suggested  that 
the  iron  did  not  interfere  except  in  so  far  as  it  prevented  sufficient 
manganese  from  being  introduced  into  the  bead  to  give  the  test; 
for  if  the  same  quantity  of  precipitate  is  to  be  employed  in  each 
test,  it  is  obvious  that  the  higher  the  ratio  of  iron  to  manganese, 
the  smaller  will  be  the  quantity  of  the  latter  that  will  be  con- 
tained in  the  portion  taken  for  the  test.  The  tests  were  therefore 
repeated  with  sufficient  manganese  (0.005  mg.)  in  each  case  to 
give  a  good  color  and  to  this  amount  were  added  varying  quantities 
of  iron.  In  these  tests  the  solutions  were  not  precipitated  but 
absorbed  in  the  bead  in  the  manner  already  described. 

The  following  results  were  obtained : 


TABLE  IV 

Parts  Mn- 

Parts  Fe 

Result 

1  (0.005  mg.) 

100 

Good 

1  (0.005  mg.) 

200 

Good 

1 

500 

Good 

1  (0.005  mg.) 

1000 

Good 

1  (0.005  mg.) 

2000 

Good 

In  all  the  above  experiments  the  beads  were  reheated;  in  the 
last  test,  this  was  repeated  several  times,  potassium  chlorate 
being  added  at  each  reheating.  The  iron  present  in  the  above 
tests  was  vastly  more  than  could  be  dissolved  in  the  bead  and 
in  consequence  appeared  as  a  brown  coating  completely  envelop- 
ing the  bead  and  masking  the  green  color  due  to  the  manganese; 
it  was  found,  however,  that  by  reheating  several  times  with  more 
potassium  chlorate  this  coating  was  driven  to  one  side,  causing 
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the  green  color  beneath  to  be  exposed.  It  therefore  appears 
that  provided  enough  manganese  is  introduced  into  the  bead  to 
give  a  fair  test,  the  amount  of  iron  present  has  no  effect  other 
than  to  enclose  the  bead  in  a  brown  coating,  which  difficulty 
may  be  overcome  as  indicated  above. 

The  Lead  Dioxide  Test. —  To  determine  the  sensitiveness  of 
this  test  when  manganese  alone  is  present,  diminishing  amounts 
of  a  standard  solution  of  manganese  chloride  were  treated  in  test 
tubes  with  one  to  two  grams  of  lead  dioxide^  0.5  cc.  cone,  nitric 
acid  and  sufficient  water  to  make  the  total  volume  5  cc.  The 
mixture  was  then  gently  boiled,  allowed  to  settle  and  the  super- 
natant Hquid  examined  as  to  color.     The  following  results  were 

obtained : 

TABLE  V 

Result 

5  cc.  =  5.0  mg.  Mn.  Deep  purple 

5  cc.  =  2.5  mg.  Mn.  Deep  purple 

5cc.  =  0.5  mg.  Mn.  Deep  purple 

5  cc.  =  0.25  mg.  Mn.  Purple 

5cc.  =  0.125  mg.  Mn.  Purple 

5cc.  =  0.05  mg.  Mn.  Pink 

5  cc.  =  0.025  mg.  Mn.  Faint  pink 

5  cc.  =  0.005  mg.  Mn.  Very  faint  pink 

5  cc.  =  0.0022  jng.  Mn.  Limit 

The  limit  test  shows  a  delicacy  of  one  part  in  2,500,000. 

The  influence  of  iron  on  the  sensitiveness  of  the  test  was  deter- 
mined by  the  following  procedure:  varying  mixtures  of  standard 
solutions  of  manganese  chloride  and  iron  chloride  were  precipi- 
tated with  a  slight  excess  of  sodium  hydroxide,  the  precipitates 
filtered  and  dissolved  in  a  hot  mixture  of  0.5  cc.  cone,  nitric  acid 
and  4.5  cc.  of  water  and  finally  treated  with  lead  dioxide  and 
boiled.  The  same  results  were  also  obtained  with  the  solutions 
without  precipitation,  except  that  the  salts  used  were  Fe  (N03)3- 
9H2O  and  MnS04.6H20  in  order  to  prevent  the  formation  of 
aqua  regia.     The  following  results  were  obtained: 

1  Merck's  Reagent  PbOj  was  employed  throughout  this  work  and  was 
found  to  be  free  of  manganese. 

^Noyes,  Bray  and  Spear  (J.A:C.  S.  SO,  556)  have  shown  that  the  lead 
dioxide  test  is  easily  sensitive  to  0.02^mg.  Mn. 
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TABLE  VI 

Parts  Mn 

Parts  Fe 

Result 

1  (0.02  mg.) 

10 

Good 

1  (0.02  mg.) 

20 

Good 

1  (0.02  mg.) 

50 

Good 

1  (0.02  mg.) 

100 

Fair 

1  (0.02  mg.) 

200 

Fair 

1  (0.02  mg.) 

300 

Faint 

1  (0.02  mg.) 

400 

Faint 

1  (0.02  mg.) 

500 

Limit 

The  last  result  gave  a  nearly  colorless  solution.  The  effect 
of  iron  in  discharging  the  color  due  to  manganese  recalls  the  use 
of  manganese  dioxide  in  glass  manufacture.  The  absence  of  a 
yellow  color  when  a  large  amount  of  iron  is  present  might  be  taken 
to  indicate  its  decolorization  by  the  presence  of  manganese;  it 
appears,  however,  that  this  cannot  be  depended  upon  for  the 
reason  that  an  iron  solution  of  the  concentration  used  in  the 
limiting  test  was  found  to  be  decolorized  by  the  lead  dioxide  and 
nitric  acid  treatment  even  when  no  manganese  was  present; 
hence  the  nearly  colorless  solution  obtained  above  is  apparently 
not  due  to  the  mixture  of  the  permanganate  pink  and  the  yellow 
iron. 

It  was  thought  desirable  to  make  a  few  further  tests  to  deter- 
mine the  influence  of  varying  amounts  of  iron  upon  a  larger  con- 
stant quantity  of  manganese  than  that  employed  above.  The 
results  obtained  are  given  below: 

TABLE  VII 

Parts  Mn  Parts  Fe  Color  Result 

1  (0.2  mg.)  500  Reddish  pink  Good 

1  (0.2  mg.)         1000  Reddish  yellow  Fair 

1  (0.2  mg.)        2000  Reddish  brown  DoubtfuP 


^  The  color  given  by  the  last  test  could  not  be  readily  distinguished  from  a 
solution  containing  400  mg.  of  Fe  as  Fe(N03)8  in  5  cc.  It  may  also  be  noted 
that  a  solution  of  this  concentration  of  iron  was  noticeably  decolorized  by  the 
nitric  acid  and  lead  dioxide  treatment. 
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From  the  results  of  Tables  VI  and  VII  it  appears  that  the  lead 
dioxide  test  for  manganese  is  unreliable  in  the  presence  of  three 
or  four  hundred  parts  of  iron,  unless  a  fairly  large  amount  of 
manganese  is  present  such  as  0.2  mg.  when  a  somewhat  larger 
ratio  of  iron  does  not  interfere  with  the  test.  On  the  other  hand, 
the  bead  test  is  efficient  with  larger  amounts  of  iron  provided 
enough  manganese  (0.005  mg.)  is  introduced  into  the  bead  and 
provided  the  precautions  cited  under  Table  IV  are  followed. 


THE   DETERMINATION   OF   THE   SENSITIVENESS   OF 
THE   HYDROXIDE   REACTIONS   FOR  THE 
COMMON  METALS 

By  L.  J.  CuRTMAN  AND  A.  D.  St.  John 

New  York 

The  hydroxide  reactions  of  the  metals  are  perhaps  the  most 
common  as  well  as  the  most  important  of  those  which  take  place 
in  the  wet  way;  yet  no  systematic  work  has  been  done  to  deter- 
mine the  delicacy  of  these  reactions.  The  present  work  was 
therefore  undertaken  to  supply  this  information,  the  need  for  which 
was  felt  in  qualitative  work.  From  the  fact  that  the  hydroxides 
studied  were  formed  by  precipitation,  it  might  appear  that  the 
desired  results  could  be  calculated  from  the  figures  for  the  respec- 
tive solubility  products  of  the  hydroxides;  but  it  unfortunately 
happens  that,  with  few  exceptions,  these  figures  have  not  as  yet 
been  determined;  moreover,  this  information,  even  if  available, 
would  give  but  a  rough  idea  of  the  sensitivity  limit,  for  the  reason 
that  the  final  result  of  a  sensitivity  determination  is  largely  an 
optical  phenomenon  that  is  controlled  by  factors  some  of  which 
are  not  included  in  the  law  of  mass  action.  Chief  among  these 
factors  are  those  which  affect  the  visibihty  of  the  precipitate  in 
very  dilute  solutions;  such  as  its  form,  density,  and  color.  In 
order  to  obtain  comparable  results,  all  the  experiments  were 
carried  out  under  uniform  conditions.  The  general  procedure 
was  as  follows:  In  separate  experiments  diminishing  amounts 
of  metal,  in  the  form  of  a  solution  of  one  of  its  salts,  were  treated 
in  test  tubes  with  a  slight  excess  of  a  ten  per  cent  solution  of  either 
ammonia  or  sodium  hydroxide,  depending  upon  the  solubility 
of  the  precipitate  in  an  excess  of  either,  and  the  tubes  examined 
for  a  precipitate.  The  final  volume  in  each  case,  including  the 
reagent  added,  was  5  cc.     The  following  results  were  obtained. 

Lead. —  A  standard  solution  of  lead  nitrate  containing  a  trace 
of  nitric  acid  was  employed  in  these  tests.     The  precipitant  was 
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a  10  per  cent  solution  of  ammonia.    The  results  are  tabulated 

below: 

1                                                                                Cold 

Boiled 

5  cc.  =  25  mg.  Pb          large  precipitate 

large  precipitate 

i                             5  cc.  =  12.5  mg.  Pb       slight  precipitate 

large  precipitate 

i  1                             5  cc.  =   5.0  mg.  Pb       cloudiness 

small  precipitate 

5  cc.  =  2.5  mg.  Pb       slight  cloudiness 

slight  precipitate 

5cc.=   1.0  mg.  Pb       very  faint  cloudiness 

slight  cloudiness 

5  cc.  =  0.75  mg.  Pb     just  visible  cloudiness 

hmit 

The  most  uniform  results  were  obtained  by  boiling.  The 
precipitate  was  white  and  divided.  The  result  obtained  with 
0.75  mg.  of  lead  was  just  visible  without  eye  strain  and  represents 
a  concentration  of  one  part  in  6500.  No  hydrolysis  was  observed 
in  blanks  either  in  the  cold  or  on  boiling. 

Silver. —  A  solution  of  silver  nitrate  was  employed  in  these 
tests.  The  precipitant  was  a  10  per  cent  solution  of  sodium 
hydroxide.  All  samples  were  boiled.  The  following  results  were 
obtained: 


5cc.  =  25.0 


5  cc.  = 
5  cc.= 
5  cc.= 
5  cc.= 
5  cc.  = 
5  cc.= 


5.0 
2.5 
1.0 
0.5 
0.25 


mg.  Ag. 
mg.  Ag. 
mg.  Ag. 
mg.  Ag. 
mg.  Ag. 
mg.  Ag. 


0.125  mg.  Ag. 


heavy  precipitate 
shght  precipitate 
cloudiness 
slight  cloudiness 
faint  cloudiness 
faint  cloudiness 
limit 


The  end  product  was  brownish.  The  limit  test  was  given  by 
a  solution  of  silver,  the  concentration  of  which  was  one  part  in 
40,000. 

Mercury. —  (ous).  A  solution  of  mercurous  nitrate  containing 
approximately  one  per  cent  of  concentrated  nitric  acid,  was  em- 
ployed in  these  tests.     The  following  results  were  obtained: 
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NaOH 
5  cc.  =  25.0      mg.  Hg    large  precipitate 
5  cc.  =  5.0      mg.  Hg    heavy  precipitate 
5  cc.  =  2.5      mg.  Hg     heavy  precipitate 
5cc.  =   1.0      mg.  Hg    slight  precipitate 
5  cc.  =  0.5      mg.  Hg    shght  precipitate 

or  coloration 


5  cc.  =  0.25    mg.  Hg 

5  cc.=  0.10    mg.  Hg 

5  cc.  =  0.05    mg,  Hg 

5  cc.  =  0.025  mg.  Hg 


NH4OH 

large  precipitate 
heavy  precipitate 
heavy  precipitate 
slight  precipitate 
very    faint    precipi- 
tate which  increases 
on  standing, 
limit  on  standing 
two  minutes. 


slight  precipitate 
or  coloration 

very  slight  precipi- 
tate or  coloration 

very  faint  precipi- 
tate or  coloration 

limit.     Appears 
light  gray,  away 
from  the  som-ce 
of  hght. 


The  above  results  indicate  that  a  ten  per  cent  sodium  hydroxide 
solution  is  a  more  sensitive  reagent  for  the  detection  of  mercurous 
nercury  than  an  ammoniacal  solution  of  the  same  strength. 
With  the  former  the  limiting  test  was  given  by  a  solution  whose 
3oncentration  was  one  part  in  200,000  while  with  the  latter  re- 
igent  the  limit  was  one  part  in  20,000. 

Mercury  (ic). —  The  following  results  were  obtained  with  a 
solution  of  mercuric  chloride: 

NaOH 
5cc.  =25.0      mg.  Hg    heavy  precipitate 
5  cc.  =  12.5      mg.  Hg     slight  precipitate 
slight  precipitate 
limit 


5  cc. 
5  cc. 
5  cc. 
5  cc. 


5.0 
2.5 
1.0 
0.5 


mg. 
mg. 
mg. 
mg. 
mg. 
mg. 


Hg 
Hg 
Hg 
Hg 
Hg 
Hg 


5  cc.  =  0.375  mg.  Hg 


NH4OH 

heavy  precipitate 
fair  sized  precipitate 
slight  precipitate 
shght  precipitate 
coloration  ^  minute 
slight 
minute 
limit 


coloration    | 


The  precipitates  obtained  with  sodium  hydroxide  were  yellow 
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becoming  orange  with  dilution.  With  ammonia  the  precipitates 
were  white. 

The  Umiting  results  obtained  above  show  that  with  sodium 
hydroxide  one  part  of  mercury  in  2000  can  be  detected  while 
with  ammonia  the  delicacy  is  one  part  in  13,000. 

Bismuth. —  In  the  following  tests,  a  solution  of  bismuth  nitrate 
acid  with  nitric  acid  was  used.  The  following  results  were  obtained 
with  ammonia  as  the  precipitant: 


5  cc.=25.0  mg.  Bi 
5  cc.  =  5.0  mg.  Bi 

5  cc.  =   2.5  mg.  Bi 


5  cc.  = 
5  cc.  = 


1.0  mg.  Bi 
0.5  mg.  Bi 


Cold 
white  gelatinous  ppt. 
white  gelatinous  ppt. 

slight  gelatinous  ppt. 

limit 


Boiled 
white  gelatinous  ppt. 
white  gelatinous 

precipitate^ 
white  gelatinous 

precipitate^ 
faint  precipitate 
limit 


In  the  cold  it  was  found  difficult  to  estimate  the  quantity  of 
gelatinous  precipitates;  boiling  facilitates  this.  The  sensitiveness 
of  the  test  in  a  boiling  solution  is  shown  to  be  one  part  in  10,000. 

Copper. —  The  following  results  were  obtained  with  a  solution 
of  copper  nitrate  using  a  sodium  hydroxide  solution  as  the  pre- 
cipitant. 

Cold 

5  cc.  =25.0  mg.  Cu.      heavy  precipitate 
5  cc.  =  5.0  mg.  Cu.      light  precipitate 


5  cc.  =  2.5  mg.  Cu.      slight  precipitate 


5  cc.  =   1.0  mg.  Cu. 
5  cc.  =  0.5  mg.  Cu. 


limit 


Boiled 
heavy  precipitate 
light  precipitate 

which  settles 
shght  precipitate 

which  settles 
faint  precipitate 
limit 


In  the  cold  the  color  of  the  precipitates  was  bluish-white; 
when  boiled  they  were  black  becoming  brown  on  dilution.  The 
limit  test  in  a  boiling  solution  shows  a  delicacy  of  one  part  in  10,000. 

Cadmium. —  A  solution  of  cadmium  nitrate  was  employed  in 

*  The  precipitate  coagulated  and  settled. 
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ese  tests  with  sodium  hydroxide  solution  as  the  precipitant, 
ae  results  obtained  are  given  below. 

Cold  Boiled 

5cc.  =25.0      mg.  Cd.     heavy  precipitate    heavy  precipitate 

(white) 
5  cc.  =  5.0      mg.  Cd.     heavy  precipitate   heavy  precipitate 

which  settled 
5  cc.  =  2.5      mg.  Cd.     slight  precipitate    slight  precipitate 

which  settled 
5cc.  =   1.0      mg.  Cd.     cloudiness  cloudiness 

5  cc.  =  0.5      mg.  Cd.     slight  cloudiness      cloudiness 
5  cc.  =  0.25    mg.  Cd.     faint  cloudiness       slight  cloudiness 
5cc.=  0.125  mg.  Cd.     limit  limit 

In  all  the  above  experiments  in  which  less  than  one  milligram 
IS  present  in  5  cc,  more  conspicuous  results  were  obtained  on 
anding  one  minute.  The  limit  tests  show  this  reaction  to 
)ssess  a  delicacy  of  one  part  in  40,000. 

Iron. —  The  following  results  were  obtained  with  a  solution  of 
rric  chloride.     The  precipitant  chosen  was  ammonia. 

5cc.=25         mg.  Fe.         heavy  precipitate 

5  cc.  =  5.0      mg.  Fe.         heavy  precipitate 

5  cc.  =  2.5      mg.  Fe,         light  precipitate 

5cc.=   1.0      mg.  Fe.         light  precipitate   which   looks  like   a 

coloration 
5  cc.  =  0.5      mg.  Fe.         light  precipitate  which  looks  like  a 

coloration 
5  cc.  =  0.25    mg.  Fe.         very  light  precipitate  which  looks  hke 

a  coloration 
5  cc.=  0.125  mg.  Fe.         faint  color 
5  cc.  =  0.060  mg.  Fe.        limit 

On  boiling  the  precipitate  becomes  darker  brown,  and  is  more 
)ticeable  in  small  amounts.  All  the  precipitates  in  quantities 
eater  than  one  milligram  coagulate  and  settle  on  boiling.  The 
niting  test  above  shows  the  test  to  be  exceedingly  sensitive, 
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producing  a  visible  result  in  a  concentration  of  one  part  in  80,000. 
Aluminium. —  All  the  results  given  below  were  obtained  with 
a  solution  of  aluminium  chloride  to  which  a  slight  excess  of  am- 
monia was  added  and  the  mixture  boiled  in  each  case. 

5  cc.  =  25.0  mg.  Al.  heavy  gelatinous  precipitate 

5  cc.  =  5.0  mg.  Al.  heavy  gelatinous  precipitate 

5  cc.  =  2.5  mg.  Al.  light  precipitate 

5cc.=  1.0  mg.  Al.  light  precipitate 

5  cc.  =  0.5  mg.  Al.  very  light  precipitate 

5cc.=  0.25  mg.  Al.  very  light  precipitate 

5cc.=  0.125  mg.  Al.  faint  precipitate 

5  cc.  =  0.05  limit 

With  amounts  greater  than  0.5  mg.  the  precipitates  coagulated 
in  one  or  more  isolated  clots.  With  smaller  amounts,  however, 
the  precipitates  do  not  coagulate  in  large  pieces  but  remain  in  a 
finely  divided  state.  The  delicacy  of  the  test  is  one  part  in 
100,000. 

Chromium. —  A  solution  of  chromium  nitrate  was  employed  in 
the  tests  given  below: 

NaOH  NH4OH 

5cc.=25.0      mg.  Cr.     heavy  precipitate      heavy   precipitate 

(green)  (gray) 

5  cc.  =  5.0      mg.  Cr.     medium  sized  ppt.    medium  sized  ppt. 

5  cc.  =  2.5      mg.  Cr.     slight  precipitate       slight  precipitate 

5cc.  =   1.0      mg.  Cr.     faint  precipitate        slight  precipitate 

5  cc.  =  0.5      mg.  Cr.     limit  very  slight  ppt. 

5  cc.  =  0.25    mg.  Cr.  very  slight  ppt. 

5  cc.  =  0.125  mg.  Cr.  very  slight  ppt. 

5  cc.  =  0.06    mg.  Cr.  faint  precipitate 

5  cc.  =  0.03    mg.  Cr.  limit 

All  the  precipitates  were  boiled  and  allowed  to  settle.  With  the 
lower  amounts  of  metal  the  precipitates  were  slightly  coagulated; 
while  in  the  limiting  tests  the  precipitates  showed  a  decided 
tendency  to  form  in  the  finely  divided  state.  The  limit  test  shows 
a  dehcacy  of  one  in  170,000. 
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Zvic. —  The  following  results  were  obtained  with  a  solution 
zinc  nitrate.     Ammonia  was  used  in  slight  excess  and  the 
xture  boiled. 

5  cc.  25.0    mg.  Zn.  dense  white  precipitate 

5  cc.    5.0    mg.  Zn.  dense  white  precipitate 

5  cc.    2.5    mg.  Zn.  slight  precipitate 

5  cc.    1.0    mg.  Zn.  slight  precipitate 

5  cc.    0.5    mg.  Zn.  slight  precipitate 

5  cc.    0.25  mg.  Zn.  cloudiness 

5  cc.    0.12  mg.  Zn.  faint  cloudiness 

5  cc.    0.06  mg.  Zn.  limit 

The  limit  test  shows  a  delicacy  of  one  part  in  80,000. 
Nickel. —  A  solution  of  nickel  chloride  was  employed  in  carrying 
t  the  following  tests.     The  precipitant  was  sodium  hydroxide. 
5  cc.  =  25.0      mg.  Ni        heavy  gelatinous  precipitate  (light 

green) 
5  cc.  =  5.0      mg.  Ni        slight  precipitate 
5  cc.  =  2.5      mg.  Ni        slight  precipitate 
5cc.  =   1.0      mg.  Ni         shght  precipitate 
5  cc.  =  0.5      mg.  Ni        few  flakes 
5  cc.  =   0.25    mg.  Ni        few  flakes 
5  cc.  =  0.125  mg.  Ni        few  flakes 
5  cc.  =   0.06    mg.  Ni         limit 

Not  less  than  0.5  mg.  can  be  readily  distinguished  without 
)iling. 

The  limit  test  shows  a  delicacy  of  one  part  in  80,000. 
Cobalt. —  For  these  tests  a  solution  of  cobalt  nitrate  was  used, 
he  reagent  was  sodium  hydroxide. 

heavy  precipitate  (blue  becoming  a 
dirty  orange),  coagulates  and  settles 
on  boiling 

heavy  precipitate 

shght  precipitate 

slight  precipitate 

very  shght  precipitate 

faint  precipitate 

faint  precipitate 

limit 


5cc.  =  25.0 

mg. 

Co. 

5cc.=  5.0 

mg. 

Co. 

5cc.=  2.5 

mg. 

Co. 

5cc.=   1.0 

mg. 

Co. 

5cc.=  0.5 

mg. 

Co. 

5  cc.  =  0.25 

mg. 

Co. 

5cc.=  0.125 

1  mg. 

Co. 

5  cc.  =  0.06 

mg. 

Co. 
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Not  less  than  0.25  mg.  can  be  seen  in  the  cold.  The  limit  test 
shows  a  concentration  of  one  part  in  80,000. 

Manganese. —  The  following  results  were  obtained  with  a  solu- 
tion of  manganese  chloride.  In  each  test  a  slight  excess  of  am- 
monia was  added  and  the  mixture  boiled. 

5  cc.  =  25.0    mg.  Mn  heavy  precipitate  (orange) 

5  cc.  =  5.0    mg.  Mn  heavy  precipitate  (red-brown) 

5  cc.  =  2.5    mg.  Mn  medium  sized  precipitate 

5cc.  =  1.0    mg.  Mn  slight  precipitate  (dark  red) 

5  cc.  =  0.5    mg.  Mn  slight  precipitate  (black) 

5  cc.  =  0.25  mg.  Mn  shght  precipitate  (black) 

5  cc.  =  0.12  mg.  Mn  faint  precipitate  (black) 

5  cc.  =  0.06  mg.  Mn  faint  precipitate  (black) 

5  cc.  =  0.03  mg.  Mn  hmit 

With  sodium  hydroxide  as  reagent,  the  same  results  were 
obtained.  With  5.0  mg.  and  less,  the  precipitate  appears  like  a 
coloration  before  boiling.  g 

The  hmit  test  shows  a  delicacy  of  one  part  in  170,000.  7 

Magnesium. —  A  solution  of  magnesium  sulphate  was  used  in 
these  tests  with  sodium  hydroxide  as  the  precipitant. 

5  cc.  =  25.0  mg.  Mg.        heavy  gelatinous  precipitate 

5  cc.  =   5.0  mg.  Mg.         heavy  gelatinous  precipitate 

5  cc.  =   2.5  mg.  Mg.         heavy  gelatinous  precipitate 

5  cc.  =   1.0  mg.  Mg.         shght  precipitate 

5  cc.  =  0.5  mg.  Mg.         limit 

The  limit  test  shows  a  delicacy  of  one  part  in  10,000. 


A    METHOD    FOR    THE    SYSTEMATIC    QUALITATIVE 
DETECTION  OF  BARIUM  AND  STRONTIUM 

By  L.  J.  CuRTMAN  AND  E.  M.  Frankel 
College  of  City  of  New  York,  N.  Y. 

The  previous  work  of  the  authors^  has  sho"\\Ti  that  the  systematic 
quahtative  detection  of  barium  is  distinctly  unreliable.  They 
have  devised  a  scheme  of  analysis  by  which  small  amounts  of 
the  alkaline  earth  metals  may  be  detected.  The  method  consists 
in  the  precipitation  of  the  alkaline  earth  metals,  together  with  part 
of  the  lead  as  sulphates  with  dilute  sulphuric  acid  and  alcohol,  from 
a  solution  of  definite  acidity.  After  extracting  the  lead  sulphate 
with  ammonium  acetate,  the  alkaline  earth  sulphates  are  converted 
to  carbonates  by  boiling  with  sodium  carbonate  solution.  The 
carbonates  are  then  dissolved  in  acetic  acid  and  the  resulting  solu- 
tion analyzed  in  the  usual  manner.  Numerous  test  analyses 
prove  the  method  to  be  trustworthy. 
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THE    INFLUENCE    OF  NON-VOLATILE    ORGANIC 
MATTER  AND  CERTAIN  ACIDS  ON  THE  PRE- 
CIPITATION OF  THE  AMMONIUM  SULPHIDE 
GROUP    OF    METALS 

By   L.    J.    CURTMAN   AND    H.    DUBTN 

College  of  City  of  New  York,  N.  Y. 

The  effect  of  a  number  of  non-volatile  organic  substances  to 
prevent  or  hinder  the  precipitation  of  Al,  Cr  and  Fe  by  NH4OH 
was  investigated.  The  following  was  found  to  be  the  order  of 
interference:  Citric  acid,  tartaric  acid,  dextrin,  sucrose,  glucose, 
and  lactose.  The  first  offered  the  greatest  interference  while 
sucrose,  glucose  and  lactose  interfered  very  slightly  in  the  pre- 
cipitation of  the  trivalent  metals  of  Group  III.  Tables  are  given 
showing  the  effect  of  each  of  the  above  substances  under  condi- 
tions which  prevail  in  qualitative  work.  A  study  was  also  made 
of  the  influence  of  certain  acids  in  causing  the  precipitation  of  the 
alkaline  earth  metals  and  Mg  in  the  third  group.  It  was  found 
that  two  grams  of  NH4CI  which  are  formed  in  the  course  of  the 
analysis,  are  sufficient  to  prevent  any  interference  by  boric  acid 
or  borates;  with  fluorides,  however,  this  was  not  found  to  be  the 
case,  even  when  the  quantity  of  NH4CI  was  increased.  The 
effect  of  varying  quantities  of  oxalates  and  phosphates  respectively 
on  the  precipitation  of  Ba,  Sr,  Ca  and  Mg  in  the  third  group  was 
also  investigated. 
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THE  SAMPLING   OF  GOLD  BULLION^ 

By  Frederic  P.  Dewey" 
Mint  Bureau,  Washington,  D.  C. 

At  the  Seventh  International  Congress  of  Applied  Chemistry 
'.  presented  a  paper^  on  "The  Assay  and  Valuation  of  Gold 
Bullion"  in  which  are  briefly  mentioned  a  few  illustrations  of 
lifferent  methods  of  sampling  gold  bullion,  particularly  cyanide 
jars.  Since  then  I  have  carried  on  an  extensive  investigation 
ipon  the  sampling  of  gold  bullion  in  relation  to  its  effects  upon 
,he  assay  results  in  connection  with  the  statement  of  accounts 
between  the  smaller  assay  offices  of  the  United  States  which  pur- 
ihase  gold  bullion  and  the  mints  where  the  purchases  are  re- 
ieposited. 

Under  the  name  of  gold  bullion  are  included  metals  of  widely 
lifferent  composition.  We  may  have  practically  pure  metal, 
)99.75  fine  or  even  more  in  gold,  alloys  of  gold  and  silver  with 
)nly  trifling  amounts  of  base  metal,  alloys  of  gold  and  copper 
mih.  trifling  amounts  of  other  metals,  ternary  alloys  of  gold,  silver 
md  copper,  or  gold,  silver  and  lead,  and  most  complex  alloys  of 
)  to  8  or  more  constituents  of  ordinary  occurrence,  besides  some  of 
:-he  rarer  metals  occasionally.  In  any  or  all  of  these  classes  we 
nay  have  one  or  more  of  the  metalloids,  which  may  add  to  our 
lifficulties. 

Of  course,  with  metal  999.75  fine  in  gold  there  is  only  slight 
opportunity  for  different  samples  to  differ  in  fineness,  but  on  such 
5ne  metal  we  expect  the  assays  to  agree  very  closely  and  the  sam- 
pling must  be  done  with  the  utmost  care.  When  possible,  dip  or 
granulation  samples  of  the  molten  metal  should  be  taken,  but 
svhen  necessary  to  sample  bars  the  chief  point  to  guard  against  is 
surface  dirt. 

In  the  case  of  four  melts  of  fine  gold,  which  had  been  carefully 

'Published  by  permission  of  the  Director  of  the  Mint. 
'Assayer,  Mint  Bvireau,  U.  S.  Treasury',  Washington,  D.  C. 
^Published  in  Trans.  Am.  Inst.  Mining  Engineers  Vol.  XL,  p.  780,  and  in 
Annual  Report  of  the  Director  of  the  Mint  for  the  year  1908-1909,  p.  25. 
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sampled  by  both  dips  and  chips,  one  of  the  chip  bars  and  an  inde- 

pendent bar  were  c 

shipped  and  the  chips  assayed.     Table  I  sum- 

marizes  the  results 

TABLE  I 
Fine  Gold  Sampling 

Original 

Sample  Bar 

Report 

2nd  Sample 

2nd  Bar 

997.9  fine 

997.7  fine 
998.    fine 

997.9  fine 

997.5  fine 

997.4  fine 
.3  fine 

997.4  fine 

997.4  fine 

997.4  fine 
.4  fine 

997.3  fine 

997.2  fine 

996.9  fine 

996.9  fine 

In  the  case  of  four  melts  of  much  higher  grade  metal  independent 
samples  were  taken  and  assayed  after  the  melts  had  been  reported 
by  the  Assayer  and  Table  TI  summarizes  the  results. 


TABLE 

II 

Fine  Gold  Sampling 

Original  Report 

Resamples 

999.8  fine 

999.7  fine 
.7  fine 

999.7  fine 

999.7  fine 
.7  fine 

999.7  fine 

999.7  fine 
.6  fine 

999.6  fine 

999.5  fine 
.5  fine 

Our  standard  gold,  coin  gold,  is  900  fine  in  gold  and  100  fine  in 
copper.  When  made  from  pure  metals  it  does  not  segregate. 
Four  melts  of  standard  gold  were  carefully  sampled  by  both  dips 
and  chips  and  reported  by  the  assayer.  Subsequently  one  of  the 
sample  bars  and  a  second  bar  were  chipped  and  the  chips  were 
assayed.     Table  III  summarizes  the  result. 

TABLE  III 
Standard   Gold   Sampling 

Original  Report  Sample  Bar  2nd  Bar 

900     fine  899.8  fine  899.8  fine 

.9  fine 

899.9  fine  899.8  fine  899.8  fine 

899.8  fine  899.7  fine  899.6  fine 

899.7  fine  899.7  fine  899.5  fine 

.8  fine 

In  the  cases  already  cited  the  question  of  sampling  is  a  very 
simple  matter  and  the  variations  in  the  results  shown  may  just 
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s  well  be  due  to  the  assaying  itself  as  to  the  sampling.  When, 
lowever,  we  come  to  consider  miscellaneous  bullion  of  more  com- 
ilex  composition  the  sampling  assumes  greater  importance. 

If  we  have  a  bar  of  strictly  homogeneous  metal,  manifestly  it 
^ould  make  no  difference  how  the  sample  was  taken,  for  any 
lart  of  the  metal  would  be  just  the  same  as  the  balance  of  the 
aetal.  Bars  that  are  practically  homogeneous  are  not  uncommon, 
nd  such  bars  would  not  have  to  be  melted  for  the  purpose  of 
ampling,  provided  always  that  we  could  be  certain  that  they 
^■ere  homogeneous. 

Only  two  classes  of  alloys  can  form  homogeneous  bars;  those 
hat  are  solid  solutions  and  the  eutectics,  and  unfortunately  there 
re  no  characteristics  by  which  the  homogeneity  of  a  bar  of  gold 
ullion  may  be  readily  established.  As  a  general  proposition  it  is 
afe  enough  to  assume  that  a  brittle  bar  of  gold  bullion  will  not 
e  homogeneous.  We  may,  of  course,  happen  to  get  a  bulhon  of 
utectic  composition,  which  would  be  both  brittle  and  homo- 
eneous,  but  eutectics  undoubtedly  form  a  very  small  proportion 
f  the  ordinary  run  of  gold  bulhon.  On  the  other  hand  it  is  far 
rom  safe  to  assume  that  a  ductile  bar  is  homogeneous. 

The  alloys  of  gold  and  silver  and  gold  and  copper  form  continu- 
us  series  of  solid  solutions  and  they  may  carry  small  amounts  of 
ther  metals  without  showing  marked  segregation.  Several  cases 
re  shown  in  the  examples  cited  beyond  where  there  is  remarkable 
greement  in  the  assays  of  different  samples  of  gold  and  silver 
Hoys  containing  small  amounts  of  impurities,  thus  showing  the 
Tactical  absence  of  segregation.  Alloys  of  gold  and  copper  are 
uite  similar  in  their  heat  behavior  to  the  gold-silver  alloys,  but 

do  not  happen  to  have  any  satisfactory  series  of  samples  of  these 
arrying  small  amounts  of  other  metals. 

When  we  come  to  the  ternary  alloys  our  knowledge  of  their 
•ehavior  on  heating  and  cooling  is  too  scant  to  admit  of  valid 
;eneralizations  and  this  is  even  more  so  with  regard  to  the  alloys 
if  increasing  complexity. 

Considering  now  the  sampling  of  general  miscellaneous  gold 
)ullion,  there  is  only  one  universally  satisfactory  method  of  taking 
I  sample  of  such  bullion  that  shall  truly  represent  the  metal 
ampled.     This  consists  in  pouring  a  small  portion  of  the  well- 
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mixed  molten  metal  into  water  so  as  to  produce  small  globules  or 
granulations  of  the  metal.  As  this  is  generally  done  by  dipping 
out  a  portion  of  the  molten  metal  in  a  small  cup  such  a  sample  is 
frequently  called  a  ''dip,"  and  this  name  is  generally  used  through- 
out this  paper.  These  samples  are,  however,  often  called  "granu- 
lations" and  they  are  sometimes  made  by  pouring  directly  out  of 
the  crucible  into  the  water,  the  operation  of  casting  being  inter- 
rupted for  the  purpose. 

As  already  indicated,  there  are  indeed  various  cases  where  other 
styles  of  sampling  may  be  sufficiently  satisfactory,  and  there  are, 
moreover,  many  cases  where  it  is  desirable  or  even  necessary  to 
sample  a  bar  of  solid  bullion  without  melting  it.  In  such  cases  a 
chip  may  be  cut  off  from  the  bar  by  an  ordinary  cold  chisel  or  by 
a  chisel  especially  designed  for  the  purpose.  Power-driven  punches 
with  especially  designed  tools  maj^  be  used.  Machines  are  also 
built  which  bite  out  a  triangular  piece  of  metal  by  means  of  a 
projection  on  a  lever  operated  by  a  cam.  Where  much  chip 
sampling  is  done,  especially  on  small  bars,  these  machines  are 
great  time  and  labor  savers.  A  third  method  of  sampling  consists 
in  boring  into  the  bar,  generally  with  a  power  drill,  and  using  the 
drillings  for  the  assay  sample. 

In  taking  a  chip  sample  there  is  but  little  choice  in  the  location 
of  the  sample.  It  must  necessarily  be  taken  from  a  corner  or 
along  some  edge  of  the  bar.  In  the  systematic  sampling  of  large 
bars,  generally  two  chips  are  cut;  one  from  the  top  and  one  from 
the  bottom  of  the  bar  and  properly  identified. 

In  taking  drill  samples  there  is  a  wide  choice  in  the  location  of 
the  drill  holes  and  in  the  sampling  of  large  bars  more  or  less  of  a 
plan  in  placing  the  holes  is  often  followed.  It  is  a  common  prac- 
tice in  the  mint  service  to  drill  half  way  through  a  bar  at  diagonally 
opposite  corners  on  top  of  the  bar  and  unite  the  drillings  for  the 
top  sample.  The  remaining  corners  are  drilled  half  way  through 
from  the  bottom  and  the  drills  mixed  for  the  bottom  sample. 
Occasionally  the  four  drills  are  kept  separate,  especially  when 
sampling  very  base  bars.  Occasionally  also  holes  are  drilled  near 
the  center  of  the  bar. 

Drill  samples  are  often  more  satisfactory  than  chip  samples, 
especially  where  large  numbers  of  bars  of  fairly  uniform  size  and 
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composition  are  sampled  in  accordance  with  a  well-designed  plan. 
Drill  samples  of  brittle  bars  are,  however,  liable  to  be  unsatis- 
factory because  the  fine  and  coarse  portions  may  differ  considerably 
in  composition. 

In  the  purchase  of  gold  bullion  by  the  Mint  Service  of  the 
United  States  the  size  of  the  deposit  has  an  important  bearing 
upon  the  question  of  sampling.  A  very  large  proportion  of  the 
deposits  will  weigh  less  than  100  ounces  each.  Manifestly  slight 
differences  in  the  samples  on  such  bars  will  be  immaterial.  When, 
however,  the  weight  of  a  deposit  reaches  300  ounces  the  samples 
become  important  and  with  bars  weighing  700  to  1200  ounces 
correct  sampling  becomes  essential. 

Limiting  ourselves  now  for  the  most  part  to  these  large-sized 
bars  of  miscellaneous  bullion,  I  propose  to  illustrate  some  of  the 
general  principles  underl^-ing  the  question  of  sampling  gold  bullion 
by  specific  cases  drawn  from  actual  practice.  In  considering  the 
illustrations  the  assay  results  given  must  not  be  too  rigidly  in- 
terpreted. Besides  the  variations  in  the  results  due  to  variations 
in  the  samples  there  are  three  other  variants  that  must  be  kept 
in  mind  constantly;  the  chapter  of  accidents,  the  personal  equation 
of  the  assayer  and  the  effect  of  the  composition  of  the  metal  upon 
the  assaying  as  distinct  from  its  effect  upon  the  sampling.  This 
last  point  will  be  especially  dealt  with  by  various  illustrations. 
Making  reasonable  allowances  for  these  variants  it  is  thought  that 
the  illustrations  are  sufficiently  conclusive  upon  the  main  points 
involved. 

To  begin  with,  alloys  of  gold  and  silver  containing  only  small 
amounts  of  base  metal,  four  bars,  each  one  carrying  less  than  four 
base,  were  chipped  top  and  bottom  and  each  one  of  the  eight 
samples  was  assayed  in  three  laboratories.  A  fifth  bar  carrying 
ten  base  was  treated  in  the  same  way.  Table  IV  summarizes  the 
results  reported. 
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TABLE  VIII 
Drill  Sampling  Gold-Silver  Alloy  Low  in  Gold  and  Base 


1st 

1st 

Fineness 

Drill 

2nd  Drill 

3rd  DrUl 

Fineness 

Drill 

2nd  Drill 

3d  Drill 

4th  Drill 

T       B 

T 

B 

T 

B 

T        B 

T 

B 

290.2 

2 

290.6 

.6 

1 

1 

2 

.9 

.7 

1 

2 

1.1 

1 

.8 

1 

2 

.5 

.9 

2 

2 

.9 

2 

LO 

3 

2.0 

2 

1 

.1 

1 

1 

1 

.1 

2 

.2 

2 

.2 

2 

2 

2 

.3 

2 

1 

.3 

1 

1 

1 

3 

1 

.4 

2 

2       1 

2 

.4 

2 

1 

4 

2 

3 

.5 

4 

1 

.5 

3 

2 

2 

2 

3 

3 

.6 

2 

1 

2 

.6 

4 

4 

1 

1 

2 

.7 

2 

.7 

1 

4 

1 

1 

3 

.8 

1 

.8 

1 

1 

1 

1 

.9 

1 

1 

1 

.9 

2 

2.0 

1 

3.0 

2 

1       1 

.1 

1 

.1 

4       1 

1 

.2 

2 

2 

.2 

1 

4 

.3 

2 

1 

.3 

2 

1 

.4 

1       3 

.6 

1 

.5 

1 

.9 

1 

1 

.7 

1 

1 

.8 

1 

2 

.9 

1 

3.0 

1 

1 

.1 

1 

Total 

15 

14     15 

15 

14 

16 

15 

14 

13     14 

15 

14 

Silver 

670 

671 

On  the  other  hand,  a  ductile  bar  778  fine  in  gold  with  only  9  base 
yielded  unsatisfactory  results  for  this  grade  of  metal.  This  bar 
weighed  over  1500  ounces  and  was  drilled  top  and  bottom,  the 
drillings  being  mixed  for  one  sample.  Being  ductile  it  was  chipped 
twice  top  and  bottom  at  the  mint  of  redeposit.  These  six  samples 
were  kept  separate.  The  bar  was  remelted  with  a  loss  of  .38 
ounces,  and  two  dip  samples  were  taken.  The  cold  bar  was  again 
drilled,  top  and  bottom.  These  eleven  samples  were  assayed  in 
four  service  laboratories  and  Table  IX  summarizes  the  results 
reported. 
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TABLE   IX 
Sampling  Ductile  Gold-Silvek  Alloy,  Low  in  Base 


Fineness 

1st 
DriU 

2nd  DrUl 

1st  Chip 

2nd  Chip 

Remelt 

DriU 

Dip 

T           B 

T           B 

T        B 

T           B 

T           B 

777.2 
.3 
.5 
.6 
.7 
.8 
.9 

8.0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 

9.0 

1 

1 
1 

1 
1 

3 
3 

1 

3  2 
1         4 

4  3 
1         2 

1 

1 

1 

2         2 

2         3 

1 

1 

2 

1 

1 

1 
2 

3 

2 
1 
3 
3 

1 

1 

1 

2 

2 

2         2 

2 

2  3 
5 
2 

1 
3 

2         5 
6         1 
1         2 

1 
1 

otal 
liver,  212.5 

12 

10      11 

6      11 

6       10 

12       12 

11       12 

The  following  case  exhibits  what  is  probably  the  very  best 
greement  between  various  samples  and  between  an  assay  office 
nd  a  mint  that  it  is  possible  to  attain  under  everyday  working 
auditions : 

A  deposit  of  approximately  3000  ounces  was  melted  in  the  assay 
ffice  and  two  dip  samples  were  taken.  It  was  cast  into  three 
ars  and  two  chip  samples  were  taken  from  each  bar.  At  the  mint 
f  redeposit  two  chip  samples  were  cut  out  from  each  bar.  The 
lint  samples  were  forwarded  to  the  Bureau  and  thence  sent  to 
le  assay  office  and  afterwards  returned  to  the  mint  to  be  assayed, 
either  institution  being  informed  what  the  samples  were. 

In  all,  ten  samples  were  taken  from  this  deposit,  and  47  assays 
ere  made  at  the  two  institutions.  Table  X  summarizes  the 
ssays  reported. 
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TABLE  X 

Agreement  of  Assays  on  Various  Samples  at  Two  Institutions 

1  assay   showed  875.5  fine  in  gold 

1  assay   showed        .6  fine  in  a-old 


4  assays  showed 
4  assays  showed 
14  assays  showed 
12  assays  showed 
6  assays  showed 
4  assays  showed 
1  assay   showed 

47 


.6  fine  in  gold 
.7  fine  in  gold 
.8  fine  in  gold 
.9  fine  in  gold 
6.0  fine  in  gold 
.1  fine  in  gold 
.2  fine  in  gold 
.3  fine  in  gold 


If  we  eliminate  the  results  that  were  reported  only  once  each, 
we  have  44  assays  ranging  from  875.7  to  876.2.  This  deposit 
might,  therefore,  be  properly  reported  by  either  institution  at 
either  875.75  or  876.     It  did  not  contain  over  four  base. 

On  three  bars  the  purchasing  office  took  chip  and  dip  samples 
and  on  a  fourth  bar  took  dip  and  drill  samples.  The  mint  of  re- 
deposit  cut  two  chip  samples  from  each  bar.  These  samples  were 
assayed  in  various  service  laboratories  and  Table  XI  summarizes 
the  results  on  the  various  styles  of  samples. 

TABLE  XI 

Sampling  in  Various  Wats  with  Satisfactory  Agreement 


Fine-  t-,- 
ness    Dip 

Chip  Chip 

Fine- 
ness 

Dip  Drill  Chip 

^^^t  Dip  Chip  Chip 

Fine-  , 
ness    •' 

Dip 

Chip  Chip 

861.4 

1 

2 

895.1 

1 

2 

858.5  1 

1 

883.2 

1 

.5 

1 

.2 

3 

.7           1 

.3 

2 

.7     1 

1 

.3 

1 

4 

.9 

1 

.4 

1 

1 

1 

.8 

4 

1 

.4 

1 

2 

9.0  1       3 

1 

.5 

2 

1 

6 

.9     3 

1 

4 

.5 

1 

2 

1 

.1  1       1 

2 

.6 

1 

2.0     3 

3 

6 

.6 

1 

1 

2 

.2  3       3 

7 

.7 

1 

4 

.1     3 

1 

3 

.7 

2 

2 

1 

.3  1       1 

2 

.8 

5 

4 

.2     1 

1 

.8 

3 

3 

.4  3 

1 

.9 

3 

3 

3 

.3     2 

1 

.9 

3 

4 

.5  5       1 

4.0 

3 

2 

1 

.4     1 

6.0 
.1 

.2 

1 
1 

1 

1 

.6           3 

.7  1 

3 

.1 
.2 

1 

1 

Totalsl4 

13 

17 

14 

14 

16 

16     13 

18 

14 

14 

19 

Silver     134 

98 

137 

113 

On  three  bars  the  purchasing  office  took  dip  and  drill  samples 
and  the  mint  of  redeposit  took  top  and  bottom  drill  samples. 
These  samples  were  assayed  in  various  service  laboratories  and 
the  results  are  summarized  in  Table  XII,  showing  a  considerable 
amount  of  agreement  between  the  chips  and  the  drills  taken  at  the 
separate  offices  but  a  better  agreement  is  desirable. 


Hi 
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TABLE 

XII. 

Dip  . 

\ND  Drill  Samples  Partially  Satisfactory 

Fineness  Dip 

Drill 

DriU 

Fineness 

Dip 

Drill 

Drill 

Fineness 

Dip 

Drill 

Drill 

822.4 

1 

973.4 

1 

972.1 

1 

.7 

1 

.5 

1 

.2 

1 

1 

.8 

2 

.6 

1 

.3 

3 

3 

.9 

1 

1 

1 

.8 

1 

1 

.4 

4 

1 

3.0 

3 

1 

2 

4.0 

2 

.5 

1 

.1 

3 

2 

1 

.1 

1 

.6 

3 

1 

1 

.2 

2 

4 

.2 

2 

2 

.7 

1 

2 

.3 

3 

1 

.3 

2 

.8 

2 

.4 

1 

2 

4 

.4 

1 

1 

.9 

1 

.5 

1 

.5 

2 

1 

2 

3.0 

2 

2 

.6 

2 

.6 

1 

.1 

3 

.7 

1 

1 

.7 

1 

2 

2 

1 

.8 

4 

.8 

3 

2 

4 

.3 

1 

1 

1 

.9 

1 

.9 

1 

2 

.4 

1 

1 

4.1 

1 

5.0 
.1 

1 

4 
1 

1 

.5 
.6 

2 

1 

.2 

1 

2 

.8 

1 

1 

.3 

1 

1 

4.3 
5.7 

1 

2 

'otals 

13 

14 

20 

14 

14 

21 

14 

14 

19 

ilver 

162 

4 

Practically 

none 

On  four  bars  the  purchasing  office  took  dip  and  drill  samples 
nd  the  mint  of  redeposit  cut  two  chips  from  each  bar.  These 
amples  were  assayed  in  various  laboratories  in  the  service  and 
'able  XIII  summarizes  the  results  reported,  showing  the  chip 
amples  to  be  unsatisfactory. 


TABLE  XIII. 

Chip  Samples  Unsatisfactory 

^ine-  _,. 
ness    I^'P 

DriU  Chip 

1 

Fine- 
ness 

Dip 

DrUl  Chip 

^X  Dip  DriU  Chip 

Fine- 
ness 

Dip  Drill  Chip 

21.8 

892.3 

1 

898.0                  1 

820.7 

1 

2.3 

3 

.6 

2 

.1                   4 

.8 

2 

.5 

1 

.7 

5 

.2                  2 

.9 

2 

.6 

1 

.8 

2 

.3           13 

1.0 

4 

1 

.7    2 

1       1 

.9 

1 

4 

.4122 

.1 

1 

.9 

1 

3.1 

2 

.6121 

.2 

2 

3.0     1 

1       2 

.2 

1 

1       1 

.7    3            1 

.3 

1 

.1     4 

3       3 

.3 

4 

2       1 

.8221 

.4 

3 

2 

.2     3 

.4 

1 

.9     3     3 

.5 

1 

1 

.3     1 

2 

.5 

5 

4 

9.0     3     2 

.6 

1 

.4 

1       1 

.6 

3 

.1     1             1 

.7 

1 

3       1 

.5     4 

2       1 

.7 

1       1 

.4                   1 

.8 

1 

3       1 

.6     1 

3       2 

.8 

1 

.8           1 

.9 

2 

.9 

1 

.9           1 

2.0 
.1 
.5 

1       2 
2 

1 

'otalsie 

13     17 

14 

13     17 

14  14     1 

15 

13     12 

ilver 

160 

97 

887 

172 
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On  three  bars  the  purchasing  office  took  dip  and  chip  samples 
and  the  receiving  mint  cut  two  chips.  These  samples  were  assayed 
in  various  laboratories  in  the  service  and  Table  XIV  summarizes 
the  results  reported,  showing  that  the  mint  chip  samples  were 
entirely  unsatisfactory. 

TABLE  XIV 
Second  Chip  Samples  Unsatisfactory 


Fineness 

Dip 

Chip 

Cliip 

Fineness 

Dip 

Chip 

Chip 

Fineness 

Dip 

Chip 

Chip 

879.8 

1 

890.3 

1 

867.6 

1 

80.0 

1 

.5 

2 

.8 

1         , 

.1 

2 

.6 

2 

8.1 

2      1 

.6 

1 

.8 

1 

.2 

1 

1.3 

1 

.9 

4 

.3 

1 

.4 

1 

1.0 

1 

.5 

4 

.5 

2 

.1 

1 

.6 

4 

.6 

1 

.2 

1 

.7 

1 

.7 

2 

.3 

2 

1 

.8 

1 

.9 

1 

.4 

2 

9.0 

1 

1 

2.0 

1 

1 

.5 

2 

.3 

1 

.1 

1 

.6 

4 

1 

.5 

1 

.2 

2 

.7 

5 

1 

.6 

1 

5 

.3 

2 

3 

.8 

2 

4 

.7 

1 

1 

.4 

3 

1 

.9 

5 

.8 

2 

1 

.5 

2 

4 

2.0 

4 

1 

.9 

1 

1 

.6 

2 

1 

.2 

1 

3 

70.0 

1 

2 

.7 

4 

.3 

1 

.1 

3 

1 

.8 

3 

.2 

1 

2 

.9 

2 

.3 

4 

2 

3.0 

3 

1 

.4 

1 

.1 

1 

1 

.5 

2 

1 

' 

.2 

1 

.6 
.7 
.9 
1.0 
.1 

1 
1 
1 
1 

1 
2 

"; 

Totals 

19 

18 

15 

18 

20 

14 

22 

21 

16 

Silver 

90 

98 

95 

A  very  complete  set  of  samples  from  five  bars  contained  in  one 
shipment  made  by  a  purchasing  office  to  a  mint  for  redeposit 
shows  what  may  happen  under  everyday  working  conditions  in 
handling  moderate  grade  bulhon.  Everything  considered,  the 
first  set  of  samples  may  be  taken  as  fairly  satisfactory,  but  the 
last  set  is  totally  unsatisfactory.    At  the  office  of  purchase  two 
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lips  and  two  drills  were  taken  from  each  bar.  At  the  mint  of 
edeposit  two  drills  and  two  chips  were  taken.  Each  one  of  these 
ight  samples  on  each  bar  was  assayed  in  various  service  laborato- 
ies  and  Table  XV  smnmarizes  the  results  reported,  the  assays  on 
ach  set  of  two  samples  being  grouped. 


TABLE  XV 
Sampling  Five  Bars  of  Miscellaneous  Bullion 


fineness 

Dip  Drill  Drill  Chip 

Fineness  Dip  Drill 

DriU 

Chip 

Fineness  Dip 

Drill 

Drill 

Chip 

630.3 

1 

1 

755.0 

1 

1 

544.2 

1 

.4 

1 

1 

.1 

1 

.3 

1 

.5 

2 

.2 

2 

.6 

1 

.6 

3 

.3 

1 

2 

.7 

1 

.7 

1 

1 

2 

3 

.4 

,3 

2 

.9 

1 

.8 

2 

1 

.5 

1 

1 

5.0 

2 

.9 

2 

1 

2 

1 

.6 

1 

4 

.1 

1 

1 

1.0 

2 

2 

2 

2 

.7 

1 

.2 

1 

.1 

3 

.9 

1 

1 

.3 

2 

.2 

2 

2 

1 

6.0 

1 

.4 

1 

1 

.3 

1 

2 

1 

.1 

1 

1 

1 

.5 

.4 

1 

2 

.2 

2 

3 

1 

.6 

1 

.5 

1 

2 

1 

1 

.3 

1 

.7 

.6 

2 

.4 

1 

.8 

1 

1 

.7 

1 

1 

.5 
.6 

.7 
.8 
.9 
7.2 
.3 
.4 
.5 

1 
2 

2 
1 
1 
3 
1 
2 
1 

2 
1 
1 

1 

1 

1 

.9 
6.0 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 
7.0 
.2 
.3 

2 
2 
3 
1 
1 
3 
2 
1 

2 

2 

1 
2 
2 
1 
1 
1 

2 

'otals 

16 

15 

14 

12 

14 

12 

16 

14 

18 

13 

14 

14 

ilver 

330 

;*; 

203 

444 
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TABLE  XY— Continued 
Sampling  Five  Bars  of  Miscellaneous 


Fineness 

Dip 

DriU 

Drill 

Chip 

Fineness 

Dip 

DriU 

Drill 

Chip 

549.4 

1 

568.5 

1 

.7 

1 

9.6 

1 

50.5 

1 

573.9 

1 

1.0 

1 

4.6 

1 

.4 

1 

5.4 

1 

.7 

2 

.7 

1 

.8 

1 

6.4 

1 

.9 

1 

1 

.5 

1 

2.1 

1 

2 

7.0 

2 

.2 

1 

2 

1 

.3 

1 

..3 

1 

.5 

1 

1 

.4 

1 

.6 

1 

3 

.6 

1 

.7 

3 

2 

1 

.8 

1 

.8 

2 

1 

1 

.9 

1 

.9 

4 

4 

3 

8.0 

2 

3.0 

2 

.1 

1 

.1 

4 

5 

1 

.3 

1 

.2 

3 

3 

.4 

1 

.3 

3 

.5 

1 

1 

.4 

1 

1 

.6 

3 

2 

.5 

1 

.7 

3 

2 

2 

1 

.6 

2 

.8 
.9 
9.0 
.1 
2 

!3 

.4 
.5 
.6 

.7 

3 

4 
4 

1 

2 

1 
1 

1 

2 
1 
3 

1 

1 

1 
1 

1 

1 

1 

Totals 

22 

17 

16 

13 

20 

18 

14 

14 

Silver 

410 

335 

A  small  bar  resulting  from  melting  up  scrap  material  has  a 
most  interesting  and  instructive  sample  history.  The  bar  weighed 
a  trifle  over  31  ounces  and  was  shipped  from  the  assay  office  at 
826  fine  in  gold.  At  the  receiving  mint  it  was  drilled  top  and  bot- 
tom and  while  the  assays  on  these  samples  agreed  fairly  well,  yet 
they  averaged  considerably  below  826.  The  bar  was  again  drilled 
top  and  bottom  and  these  samples  yielded  very  erratic  assays. 
The  bar  was  then  melted  and  two  dip  samples  were  taken.  The 
solid  bar  was  again  drilled  top  and  bottom.     These  eight  samples 
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v^ere  assayed  in  four  service  laboratories  and  Table  XVI  summa- 
izes  the  results  reported. 


TABLE  XVI 
Sampling  a  Small  Unsatisfactory  Bar 


Fineness 

DriU 

Drill 

Drill 

Remelt 

Dip 

T 

B 

T 

B 

T 

B 

Ist 

2d 

823.0 

.5 

.7 

.9 

4.3 

.4 

2 

.7 

1 

5.1 

1 

2 

.2 

2 

1 

.3 

1 

1 

1 

.4 

2 

2 

1 

.5 

4 

2 

.6 

2 

2 

1 

3 

1 

.7 

1 

1 

1 

.8 

1 

1 

3 

3 

.9 

1 

1 

1 

1 

6.0 

1 

1 

1 

2 

3 

.1 

1 

1 

.2 

2 

2 

2 

.3 

2 

1 

2 

.4 

1 

1 

.5 

1 

1 

2 

.6 

2 

2 

7.0 

1 

'otals 

11 

11 

11 

7 

10 

9 

13 

12 

ilver 

143 

On  three  bars  drills  were  taken  from  diagonally  opposite  corners 
n  top  of  the  bar  and  also  near  the  center  of  the  bar.  The  other 
wo  corners  were  drilled  from  the  bottom  of  the  bar  and  a  drill 
ms  taken  near  the  center  of  the  bottom.  All  the  top  drills  were 
lixed  to  make  one  sample  and  all  of  the  bottom  drills  to  make 
nother.  These  samples  were  assayed  in  two  laboratories  and 
^able  XVII  summarizes  the  results  reported,  to  which  are  added 
3r  comparison  duphcate  assays  of  two  dip  samples  of  each  bar 
lade  in  one  of  the  laboratories. 
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TABLE  XVII 
Sampling  by  Top  anb  Bottom  Drills 


1st  Bar 

2d  Bar 

3d  Bar 

Fineness 

Bottom 

Top 

Fineness 

Bottom 

Top 

Fineness 

Bottom 

Top 

883.7 

2 

884.8 

3 

888.7 

1 

.9 

4 

.9 

3 

.8 

1 

884.0 

1 

885.0 

4 

.9 

1 

.1 

6 

.1 

3 

889.0 

2 

2 

3 

.2 

3 

.1 

3 

.3 

1 

.3 

1 

.2 

2 

.4 

1 

.4 

5 

.3 

1 

.5 

1 

.5 

2 

.4 

2 

.7 

1 

.6 

1 

.5 

2 

1 

885.1 

5 

.7 

1 

.6 

1 

.2 

2 

886.2 

4 

.7 

1 

.3 

1 

.3 

3 

.8 

3 

.4 

3 

.5 

6 

890.0 

2 

.5 

2 

.6 

4 

.1 

3 

.6 

4 

.7 

1 

.2 

2 

.7 

2 

.8 
887.0 

1 
1 

.3 
.6 

891.1 
.3 
.4 
.6 
.7 
.8 
.9 

892.2 

1 
2 

2 

Totals 

19 

20 

26 

20 

20 

20 

Dip  Samples 

Dip  Samples 

Dip  Samples 

840.0      3 

885.3       1 

889.1      2 

.1      1 

.4     1 
.5     1 

.7     1 

.2     2 

With  the  exception  of  the  single  assay  at  889.5  on  the  third  bar, 
all  the  top  assays  are  above  the  highest  bottom  assay  on  each  bar. 
All  the  top  assays  are  above  the  dip  assays  in  each  one  of  these 
cases.     Each  one  of  the  bars  was  less  than  five  fine  in  silver. 

As  a  general  proposition  a  drill  sample  will  often  be  better  and 
more  satisfactory  than  a  chip  sample  simply  because  it  represents 
a  larger  volume  of  the  metal,  but  a  drill  sample  of  a  brittle  bullion 
may  be  open  to  a  serious  objection  because  the  fine  particles  of  the 
sample  are  generally  liable  to  be  quite  different  in  composition 
from  the  coarse  portions,  so  that  even  if  the  drill  sample  as  a  whole 
should  be  fairly  representative  of  the  bar,  yet  it  would  be  necessary 
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to  have  the  half  gram  weighed  up  for  the  assay  composed  of  fine 
md  coarse  material  in  just  the  same  proportions  as  the  whole 
sample.     Manifestly  this  will  seldom  be  the  case. 

Drill  samples  of  two  closely  related  bars  were  sifted  on  an  80- 
nesh  screen  and  yielded  the  following  results : 

1st  Bullion  2nd  Bullion 

Coarse                        290.3  fine  291.4  fine 

Portion                             .4  fine  .5  fine 

Fine                           287.8  fine  290.1  fine 
Portion 

Two  other  drills  of  these  same  bars  were  sifted.     The  portion 

between  20  and  40  mesh  and  that  finer  than  60  mesh  were  assayed 

yith  the  following  results: 

1st  Bullion  2nd  Bullion 

20-40  mesh            290.4  fine  291.9  fine 

1.9  fine  2.3  fine 

60  mesh              289.6  fine  290.3  fine 

90.3  fine  .8  fine 

Two  other  bullions  treated  like  the  last  illustration  showed: 

1st  Bullion  2nd  Bullion 

20-40  mesh        351.7  fine  573.2  fine 

.9  fine  .4  fine 

60  mesh              350.2  fine  566.6  fine 

.5  fine  7.3  fine 

An  entirely  different  bullion  sifted  differently  showed: 

40-60  mesh    585.3  fine  100  mesh    584.6  fine 

.4  fine  .7  fine 

A  rich  buUion  sifted  like  the  last  showed: 

40-60  mesh    889.2  fine  100  mesh      887.8  fine 

.2fiine 

Five  samples  of  a  bullion  which  had  given  discordant  assays 

vere  subjected  to  sifting  tests  and  the  resulting  samples  assayed. 

^'our  drill  samples  were  sifted  on  100  mesh,  when  the  coarse  and 

ine  portions  yielded  the  following  results : 


A 
Coarse 

Fine 

B 

Coarse 

Fine 

C 

Coarse 

Fine 

D 

Coarse 

Fine  " ' 

615 
617 

612.7 
614.4 

615.3 

.9 

617.9 

612.2 

.3 

613.7 

613.9 
615.1 

612.9 
613.1 
614.1 

612.8 
616.6 

608. 

609.4 
610.5 

Just  over  a  gram  of  the  small  pieces  of  a  dip  sample  was  crushed 
md  assayed  in  duplicate.  Coarser  pieces  were  crushed  and  sifted 
)n  80  mesh.     The  three  samples  yielded  the  following  results: 


Dip  Sample 

Crushed  Dip  Sample 

Coarse              Fine 

614.8 

614.8         614.8 

615. 

615.2               .9 
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This  bullion  carried  bismuth. 

No  class  of  bullion  has  given  assayers  the  world  over  so  much 
trouble  as  the  so-called  cyanide  bullion.  Not  all  bullion  produced 
by  cyanide  mills  is  troublesome.  Hundreds  of  bars  produced  by 
such  mills  have  passed  through  our  mint  service  without  the  slight- 
est trouble.  It  is  easy  enough  to  produce  a  high-grade  refined 
bar  from  the  zinc-box  precipitate,  but  when  this  precipitate  is 
melted  direct  and  put  into  bars  "wdthout  proper  refining  there  is 
hable  to  be  no  end  of  trouble  with  the  assays.  Unfortunately, 
too,  in  some  instances  the  precipitate  is  not  as  thoroughly  cleaned 
from  zinc  before  drying  as  it  might  be.  These  dirty  unrefined  bars 
are  the  ones  that  are  usually  spoken  of  as  cyanide  bars  with  so 
much  disparagement. 

Over  15  years  ago  Roberts-Austen^  gave  a  startling  illustration 
of  the  difficulties  and  uncertainties  of  assaj-ing  this  class  of  bullion. 
A  bar  weighing  393  ounces  was  sampled  and  assayed  in  the  usual 
manner  and  paid  for  at  £965.  The  gold  from  this  bar  was  separated 
and  refined  by  itself  and  was  found  to  be  worth  £1028.  This 
meant  a  loss  of  £63  or  over  $300  to  the  former  owner  of  the  bar. 

It  is  generally  assumed  that  the  zinc  remaining  in  the  bullion 
is  the  cause  of  the  trouble  but  no  clear  and  systematic  explanation 
of  its  action  has  yet  been  given.  It  is  quite  probable  that  its 
action  differs  in  different  bullions  according  to  the  presence  or 
absence  of  other  metals  and  is  complex.  I  have  for  instance  pub- 
lished^  50  assays  made  in  eight  laboratories  on  a  sjoithetic  bulhon 
approximately  590  fine  in  gold,  245  fine  in  silver,  130  fine  in  zinc, 
with  a  little  copper  and  a  very  little  lead,  which  ranged  from  588.9 
to  589.9  fine  in  gold.  Clearly  the  zinc  did  not  seriously  interfere 
with  the  actual  assaying  in  this  case. 

I  have  also  published^  207  assays  made  on  three  bars  of  bullion 
produced  in  the  celebrated  Mercur  mill  showing  widely  varying 
assays.  By  a  qualitative  analysis,  this  bulHon  was  found  to  carry 
both  cadmium  and  nickel,  and  four  other  bullions  from  cyanide 
mills  in  Montana  showed  these  metals.     At  present  I  am  carrying 

^Annual  Report  Deputy  Ma&  ter  and  Comptroller  of  the  Mint,  No.  27, 1896, 
p.  38. 

^Trans.  Am.  Inst.  Mining  EngMeers,  Vol.  XL,  p.  794. 
Annual  Report  Director  of  the  Mint,  1908-9,  p.  34. 
^Engineering  and  Mining  Journal,  Vol.  XCIII,  p.  733. 
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on,  as  occasion  permits,  a  series  of  test  assays  on  sjTithetic  alloys 
of  gold,  zinc  and  cadmium. 

From  om-  tests  in  sampling  cyanide  bulKon  I  am  satisfied  that 
much  of  the  variation  ordinarily  shown  by  the  assays  on  this  class 
of  bullion  is  due  to  differences  in  the  samples  arising  from  the  effect 
of  the  zinc  upon  the  physical  structure  of  the  metal,  but  aside 
from  this  there  are  many  cases  where  the  composition  of  the  metal 
directly  affects  the  assay  work  itself. 

The  illustrations  of  top  and  bottom  drilling  given  in  Table  XVII 
are  from  cyanide  bars.  Five  of  these  samples  show  that  individual 
samples  of  cyanide  bullion  may  give  fairly  satisfactory  results, 
but  that  two  such  samples  from  the  same  bar  may  leave  the  ques- 
tion of  the  actual  content  of  gold  in  the  bar  in  doubt. 

Again  three  bars  from  the  same  mill  were  sampled  by  dips  twice 
each  and  the  six  samples  were  assayed  in  various  laboratories  in 
the  service,  gi'ving  widely  varjdng  results  and  showing  the  effect 
of  the  composition  of  the  metal  upon  the  actual  assaj'ing.  Table 
XYIII  summarizes  the  results  reported. 

TABLE  X\^III.    Effects  of  Composition  ttpox  the  Assay  Work 


Fineness 

Ist  Dip 

2nd  Dip 

Fineness 

Ist  Dip 

2nd  Dip 

Fineness 

1st  Dip 

2nd  Dip 

784.9 

1 

816.6 

1 

821.9 

1 

5.2 

3 

.8 

2 

2.0 

2 

.3 

1 

7.0 

1 

2 

3 

A 

3 

1 

2 

1 

.3 

2 

2 

.5 

2 

1 

.3 

1 

.4 

1 

3 

.6 

1 

2 

.4 

2 

1 

.5 

1 

2 

.7 

3 

.5 

1 

.6 

2 

.8 

1 

.6 

3 

2 

.7 

2 

.9 

2 

3 

./ 

2 

.8 

4 

1 

6.0 

1 

1 

.8 

1 

1 

.9 

1 

2 

1 

.9 

2 

3 

3.0 

2 

.3 

1 

8.0 

1 

1 

.1 

3 

.5 

1 

.1 

3 

.2 

1 

9 

.6 

1 

2 

2 

2 

.5 

1 

.8 

1 

.3 

1 

1 

.6 

2 

7.0 

1 

3 

.4 
.5 
.6 
.7 

.8 

9.0 

.1 

2 

.3 

1 

1 
1 

2 

2 
2 

1 
1 
1 
1 

1 

.7 

1 

rotals 

18 

19 

22 

25 

2 

19 

rhese  bars  range  from  5  to  10  fine  in  silver. 


174 


Original  Communications:  Eighth  International        [vol. 


Three  bars  deposited  at  one  time  by  a  cyanide  mill  furnish  an 
excellent  illustration  of  the  general  condition  in  handling  this  class 
of  bullion.  Two  drills  and  two  dips  were  taken  from  each  bar  and 
the  12  samples  were  sent  to  various  laboratories  in  the  service  for 
assay.  Table  XIX  summarizes  the  results  reported,  together  with 
the  original  assays  at  the  office  of  deposit,  the  assays  on  each  kind 
of  sample  being  grouped. 

TABLE  XIX.     Sampling  Cyanide  Bullion 


1st  Bar 

2nd  Bar 

3rd  Bar 

Fineness 

DriUs 

1 

Dips 

Fineness 

Drills 

Dips 

Fineness 
831.5 

DriUs 

1 

Dips 

826.9 

816.9 

7.2 

2 

7.2 

2.1 

1 

.3 

1 

.3 

3 

.3 

3 

.4 

1 

.5 

.4 

1 

.6 

1 

8.3 

1 

.6 

1 

.7 

3 

.4 

.8 

2 

.8 

1 

.5 

.9 

1 

8.3 

1 

.6 

3.0 

4 

A 

2 

.7 

.1 

3 

.5 

4 

.8 

.3 

2 

.6 

1 

1 

.9 

.4 

3 

.7 

1 

4 

9.0 

.5 

6 

.8 

2 

1 

.1 

2 

.6 

1 

9.0 

1 

3 

.2 

.7 

1 

.1 

2 

2 

.3 

.8 

1 

.2 

3 

3 

.4 

.9 

1 

.3 

1 

5 

.5 

1 

3 

4.0 

2 

.4 

1 

2 

.6 

2 

3 

.1 

2 

.5 

1 

5 

.7 

2 

.4 

1 

.6 

1 

3 

.8 

2 

.7 

.7 

1 

.9 

4 

5.0 

.8 

3 

820.0 

4 

4 

.4 

2 

.9 

2 

1 

.1 

1 

.5 

830.0 

4 

.2 

2 

2 

.6 

.1 

1 

.3 

2 

.9 

.3 

1 

.5 

1 

.4 

1 

.6 

1 

2 

.5 

1 

.7 

2 

1 

.8 

1 

.8 
.9 

1.0 
.2 
.4 
.5 
.8 

2.1 

2 
2 

1 

Totals 

34 

42 

34 

40 

23 

36 

All  of  these  bars  carried  less  than  5  of  silver. 

In  one  ofl&ce  receiving  a  great  deal  of  high-grade  bullion  it  is  the 
general  experience  that  the  chip  samples  will  run  somewhat  below     l 
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le  dip  samples  on  this  rich  material.  Illustrations  already  given 
low  that  there  is  no  fixed  relation  generally  exhibited  between  the 
ip  and  drill  samples  as  to  the  content  of  gold.  Where  many  bars 
f  practically  uniform  composition  are  drilled  in  accordance  with 
well-designed  plan,  a  more  or  less  fixed  relationship  between  the 
rill  and  dip  assays  might  appear.  Such  a  plan  was  developed 
t  one  time  for  certain  deposits  at  one  of  our  mints. 

TABLE  XX.     Sampling  Cyanide  Bullion  by  Drills  and  Dips 


1st  Bar 

2nd  Bar 

Fineness 

DrUls 

Dips 

Fineness 

Drills 

Dips 

894.7 

1 

905.6 

1 

.8 

2 

6.1 

2 

5.0 

1 

.2 

2 

.2 

1 

.6 

1 

.3 

1 

.8 

1 

1 

.5 

1 

.9 

1 

.7 

1 

7.0 

1 

.8 

2 

2 

.1 

1 

1 

.9 

1 

2 

2 

6.0 

1 

.3 

2 

.1 

1 

1 

.4 

2 

.2 

2 

1 

.5 

1 

2 

.3 

3 

3 

.6 

2 

.4 

2 

1 

.7 

2 

4 

.5 

2 

3 

.8 

1 

2 

.6 

3 

1 

.9 

2 

5 

.7 

2 

3 

8.0 

2 

.8 

1 

2 

.1 

1 

.9 

1 

2 

.3 

1 

1 

7.0 

1 

.4 

2 

.1 

1 

.5 

2 

.2 

1 

.7 

1 

1 

.5 

1 

.9 

1 

8.0 

1 

9.0 

1 

.1 

2 

.4 

1 

.6 

1 

.5 

3 

.7 

1 

.6 

2 

9.2 

1 

.7 

1 

.4 

1 

.8 

1 

.6 

2 

.9 

1 

.8 

3 

10.3 
.4 
.5 
.7 
.8 

1.0 
.4 
.8 
.9 

2.0 

2 
1 
1 

1 
1 
1 
1 
1 
1 
1 

Totals 

41 

23 

46 

26 
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The  foregoing  table  shows  that  with  cyanide  bars  a  drill  sample 
may  give  much  higher  assays  than  a  dip  sample.  On  the  first  bar 
13  assays  of  the  drill  samples  are  above  the  highest  assay  on  the 
dip  samples  and  on  the  second  bar  22  drill  assays  exceeded  the  high- 
est dip  assays.  Two  cyanide  bars,  each  weighing  about  850 
ounces  and  practically  free  from  silver,  were  drilled  top  and  bottom 
and  these  four  samples,  together  with  four  corresponding  dips, 
were  sent  to  various  service  laboratories  for  assay.  Table  XX 
summarizes  the  results  reported,  together  with  the  original  mint 
assays,  the  assays  on  each  kind  of  sample  being  grouped. 

Undoubtedly  much  of  the  trouble  with  these  cyanide  bars  would 
be  avoided  bj'-  a  better  cleaning  of  the  zinc-box  precipitate.  It  is, 
however,  easy  enough  to  refine  the  impure  bullion  by  strongly 
oxidizing  fusions  in  the  crucible,  but  this  is  expensive  in  labor  and 
reagents  and  there  is  some  loss  of  gold.  I  have  previously  pub- 
lished^ an  illustration  of  this. 

A  cyanide  bar  weighing  643.30  ounces  was  melted  with  a  loss 
of  6.07  ounces  and  10  assays  on  various  kinds  of  samples  were  made 
with  the  following  results: 


1  assay    showed  844.6  fine  in  gold 

1  assay   showed  6.3  fine  in  gold 

1  assay   showed  .6  fine  in  gold 

2  assays  showed  7.0  fine  in  gold 

1  assay   showed  .2  fine  in  gold 

2  assays  showed  .6  fine  in  gold 
1  assay  showed  .8  fine  in  gold 
1  assay   showed  8.0  fine  in  gold 


10 

The  bar  was  melted  seven  times  when  it  weighed  502.01  ounces, 
showing  a  total  loss  of  141.29  and  an  estimated  loss  of  3.75  ounces 
of  gold.  Eight  assays  were  made  on  various  samples  of  the  final 
metal  with  the  following  results : 

1  assay   showed  933.2  fine  in  gold 

2  assays  showed        .3  fine  in  gold 
2  assays  showed        .4  fine  in  gold 

1  assay   showed        .5  fine  in  gold 

2  assays  showed        .7  fine  in  gold 

8 
The  final  bar  was  21  fine  in  silver. 

^Trans.  Amer.  Inst.  Mining  Engineers,  Vol.  XL,  p.  789. 
Annual  Report  Director  of  the  Mint,  1908,  9,  p.  31. 
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A  great  deal  of  old  scrap  material  of  the  most  heterogeneous 
character  is  purchased  at  some  of  our  offices  and  many  of  these 
deposits  are  small.  On  these  small  bars  the  question  of  sampling 
and  assaying  is  not  so  important,  but  before  the  purchasing  offices 
ship  these  small  deposits  to  a  mint  they  are  united  into  mass  melts 
when  difficulties  may  appear  in  the  sampling  and  become  impor- 
tant. Nine  small  bars  were  united  to  make  a  mass  melt  of  338 
ounces.  Dip  and  drill  samples  were  taken  at  the  purchasing  office 
and  the  bar  was  drilled,  top  and  bottom,  at  the  receiving  mint. 
These  samples  were  assayed  in  various  service  laboratories  and 
Table  XXI  summarizes  the  results  reported. 


TABLE 

XXI 

Sampling  Mass  Melt 

Fineness               Dip 

Drill 

DriU 

500.7 

1 

.8 

1 

1.1 

1 

.7 

1 

.8 

2 

.9                1 

2.0 

2 

.1 

1 

.4                4 

2 

.5 

2 

.6 

2 

.8                1 

1 

.9                1 

1 

1 

3.0                1 

1 

1 

.1 

2 

1 

.2 

1 

.4 

2 

1 

.5                1 

.6 

2 

.7                1 

.8 

1 

.9                2 

1 

4.0 

1 

.2 

2 

.7                1 

1 

Totals                    13 

14 

21 

Silver 

225 

What  is  probably  the  very  worst  case  of  disagreeing  samples 
and  assays  ever  investigated  by  the  Mint  Bureau  was  afforded  by 
a  bar  weighing  774.39  ounces  carrying  nearly  400  base,  largely 
copper,  which  was  shipped  to  a  mint  as  being  568  fine  in  gold. 
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Three  sets  of  drills,  top  and  bottom,  were  taken,  and  proving  very 
unsatisfactory  the  bar  was  remelted  with  a  loss  of  4.6  ounces. 
Two  dip  samples  were  taken  and  the  bar  was  again  drilled,  top  and 
bottom.  These  ten  samples  were  assayed  in  four  laboratories  in 
the  service  and  113  assays  were  made.  Table  XXII  summarizes 
these  assays. 

TABLE  XXII 

Sampling  Bar  400  Base,  Largely  Copper 


BAR 

BEMELT 

Fineness 

1st  Drill 

2nd  Drill 

3rd  Drill 

Fineness 

Drill 

Dip 

T 

B 

T 

B 

T 

B 

T 

B 

A 

B 

564.7 

1 

571.2 

2 

5.3 

1 

.3 

1 

.6 

1 

.7 

1 

6.2 

2 

.8 

1 

.4 

1 

.9 

1 

7.0 

1 

2.0 

1 

1 

1 

.1 

1 

1 

.6 

2 

1 

1 

.4 

2 

.8 

1 

1 

.5 

1 

3.0 

1 

.6 

1 

1 

.2 

1 

2 

.8 

1 

.5 

1 

1 

8.0 

1 

.6 

1 

.3 

1 

.7 

1 

.4 

1 

.8 

1 

1 

.5 

1 

.9 

1 

2 

1 

.6 

1 

4.0 

2 

2 

1 

.7 

1 

1 

.1 

1 

1 

1 

.8 

1 

1 

.2 

1 

9.1 

1 

.3 

1 

1 

1 

.2 

2 

.4 

1 

1 

.4 

3 

1 

.6 

1 

1 

.5 

1 

1 

.8 

1 

.6 

1 

5.0 

1 

2 

.7 

1 

1 

1 

.5 

1 

.8 

1 

.7 

1 

.9 

1 

6.0 

1 

570.0 

2 

.1 

1 

.2 

1 

2 

.3 

.4 

1 

.5 

1 

.6 

2 

2 

.7 

2 

.8 

.9 

1 

LO 

.3 

Totals 

12 

12 

11 

12 

7 

6 

12 

12 

14 

14 
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The  presence  of  so  much  copper  in  this  metal  undoubtedly 
fected  the  actual  assaying  as  well  as  the  sampling  of  the  bar. 
In  describing  the  taking  of  dip  samples  I  have  spoken  of  the 
olten  metal  being  "well  mixed."  This  condition  is  absolutely 
sential  to  proper  sampling.  It  is  quite  possible  that  in  some  of 
le  cases  already  mentioned  the  molten  metal  had  not  been  thor- 
ighly  mixed  when  the  samples  were  taken.  In  the  following 
Lse  the  molten  metal  certainly  was  not  well  mixed. 
Two  dip  samples  were  assayed  in  duplicate  by  the  writer,  show- 
g  a  decided  difference  between  the  two  samples.  On  a  reassay 
duplicate  the  same  difference  appeared.  Each  sample  was  also 
isayed  once  in  two  other  laboratories.     Table  XXIII  summarizes 

le  results. 

TABLE  XXIII 
Differing  Dip  Samples 


1st  Sample 

2nd  Sample 

Bureau 

615.6  fine 

612.8  fine 

6.0  fine 

.8  fine 

Reassay 

615.5  fine 

611.5  fine 

6.3  fine 

.1  fine 

2nd  Laboratory 

615.3  fine 

612.2  fine 

3rd  Laboratory 

615.5  fine 

611.9  fine 

Many  melters,  samplers,  and  assayers  have  an  idea  that  un- 
-tisfactory  chip  and  drill  samples  can  be  corrected  by  simply 
elting  the  bar  and  taking  fresh  samples.  There  are,  of  course, 
Lses  where  there  was  carelessness  in  the  original  melting  and 
.mpling  which  can  be  cured  by  careful  remelting  and  resampling, 
it  in  a  vast  majority  of  cases  simple  melting  does  little  or  no  good. 

there  is  a  real  difference  of  importance  between  two  chips  or 
m  drills  or  between  chips  and  drills  of  the  same  bar,  it  is  due  to 
le  fact  that  the  metal  segregates  on  solidifying.  This  is  a  func- 
on  of  the  chemical  composition  of  the  metal  and,  under  practical 
mditions,  a  remelting  which  does  not  materially  change  the 
)mposition  can  accomplish  very  little  in  reducing  the  segregation. 
If  the  chemical  composition  of  the  metal  is  such  that  it  inter- 
res  with  the  actual  assay  work,  manifestly  a  remelting  which 
3es  not  change  the  composition  of  the  bar  will  accomplish  no 
)od. 

It  therefore  follows  that  when  the  assay  reports  on  an  ordinary 
IT  of  miscellaneous  bullion  differ  so  widely  as  to  be  unsatisfactorj'-, 
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it  should  be  melted  and  refined  by  strong  oxidation.  This  will 
of  course  reduce  the  weight  of  the  bar,  but  the  loss  in  weight  is 
nearly  all  base  metal  in  most  cases.  The  actual  loss  of  gold  will 
generally  be  small,  except  where  a  large  amount,  50  ounces  or 
more,  of  base  must  be  removed  as  in  the  case  of  many  cyanide 
bars,  when  the  loss  may  become  considerable.  In  the  case  already 
cited  the  removal  of  141.29  ounces  from  a  bar  weighing  originally 
643.30  ounces  caused  a  loss  of  about  3.75  ounces  of  gold. 

A  bar  carrying  about  35  silver  and  weighing  494.26  ounces 
yielded  varying  assays  on  the  gold  and  was  remelted  with  a  loss 
of  .63  ounces.  Again  the  assays  were  unsatisfactory  and  it  was 
remelted  with  a  further  loss  of  1.09  ounces  but  without  improve- 
ment in  the  assays.  It  was  finally  melted  with  a  further  loss  of 
5.20  ounces  and  still  gave  unsatisfactory  assays.  Two  dip  samples 
were  taken  at  each  melting  and  the  eight  samples  were  assayed  in 
various  service  laboratories.     Table  XXIV  summarizes  the  results 

reported. 

TABLE  XXIV 
Dip  Samples  on  Four  Meltings 


1st  Melt 

2d  Melt 

3d  Melt 

4th  Melt 

Fineness    Assays 

Fineness    Assays 

Fineness      Assays 

Fineness     Assays 

806.0        1 

809.9       1 

812.8         1 

818.3           1 

.1         1 

10.1       2 

3.0         1 

.4         1 

.3         2 

.6       3 

.2         2 

.8         1 

.4         2 

.7       1 

.3         1 

9.1         1 

.5         1 

.8       2 

.6         2 

.2         1 

.7         1 

.9       1 

.7         1 

.3         1 

.8        2 

1.0      2 

.8         1 

.5         1 

.9         3 

.1       1 

.9         1 

.9        1 

7.0        2 

.3       1 

4.2         1 

20.2         2 

.1         1 

.6       2 

.6        2 

.5         3 

.2         3 

.8      2 

.8        2 

.6         1 

.4        2 

2.2       1 

.9         1 

.8         1 

.5        2 

.3       1 

5.0        3 

1.0         1 

.6        3 

.3         1 

.3         1 

.7         2 

.4         2 

.8        3 

.9         1 

8.0         1 

.1         2 

.2        3 

.3         1 

.5        2 

Totals          41 

20 

20 

19  i 

Another  bar  carrjdng  about  35  silver  and  weighing  666.91  ounces 
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/as  drilled  at  the  ends  and  in  the  center  and  the  drills  jdelded  the 
Qllowing  results : 

End  Drills                                                             Center  Drills 
Fineness                 Assays                                      Fineness                  Assays 

664.1                  1 

.5                   1 

5.5                  2 

695.4                   1 

7.4                   1 

703.0                  2 

This  bar  was  remelted  and  two  dip  samples  were  taken,  while 
he  cold  bar  was  again  drilled  at  the  ends  and  in  the  center.  After 
lelting,  however,  even  with  the  loss  of  33.29  ounces  the  metal 
smained  unsatisfactory  as  shown  by  the  following  assays : 


Dips 


Drills 


Ends 

Center 

Fineness 

Assays 

Fineness 

Assays 

Fineness               Assays 

705.5 

699.5 

2 

706.7            1 

6.6 

.9 

1 

7.9            1 

.8 

701.3 

1 

8.9            1 

7.8 

.6 

1 

725.0            1 

.9 

.8 

1 

6.3            1 

8.3 

7.              1 

.5 

.7 

From  these  gold  assays  the  silver  cannot  be  given  with  any 
xactness  but  it  was  probably  about  40. 

CONCLUSIONS 

The  foregoing  data  are  summarized  in  the  following  conclusions: 

In  samphng  deposits  of  miscellaneous  gold  bulUon  weighing 
ver  300  ounces: 

There  are  various  cases  where  either  a  chip  or  a  drill  sample  may 
e  satisfactory. 

There  are  various  cases  where  a  drill  sample  is  better  than  a 
hip  sample. 

Where  the  assayer  is  acquainted  with  the  metal  he  may  accept 

chip  or  drill  sample. 

On  an  unknown  bullion  it  is  unsafe  to  accept  any  sample  except 

properly  prepared  dip  sample. 

In  many  cases,  particularly  of  cyanide  bullion,  the  composition 
f  the  metal  interferes  with  the  actual  assaying  and  the  bullion 
lust  be  refined  before  one  can  expect  to  determine  the  gold 
ccurately. 


A  NEW  TECHNICAL  METHOD   OF  SPELTER 
ANALYSIS 

By  Eric  John  Ericson 
Edgar  Zinc  Co.,  St.  Louis,  Mo. 

The  subject  of  spelter  analysis  engaged  the  attention  of  the 
VI^  Congress  in  Rome,  1906.  Mr,  Nissenson,  Director  of  the 
Stolberg  Laboratory  in  Westfalen,  Germany,  presented  an  ex- 
haustive paper  over  the  methods  employed  by  them  and  invited 
other  chemists  to  publish  theirs,  for  comparison  and  possible 
unification. 

I  desire  now  to  present  a  scheme,  involving  the  application 
of  an  original  method  for  lead,  which,  at  the  same  time,  effects 
a  separation  from  cadmium.  The  fundamental  reactions  were 
described  in  the  Journal  of  the  American  Chemical  Society, 
September,  1904,  and  subsequently  in  the  Engineering  and  Min- 
ing Journal  July  25,  1908,  and  May  22,  1909.  The  last  two  papers 
deal  also  with  its  application  to  ores.  It  is  based  on  the  following 
reactions: 

a.  Pb(N03)2+4NH40H+ (NH^sSaOs  =  P6O2+2NH4NO3+ 

2(NH4)2S04+2H20 

6.  Pb02+H202+2HN03  =  Pb(N03)2+2H20+02 

c.  5H202+2KMn04+6HN03  =  2KN03+2Mn(N03)2+8H20+ 

5O2 

Hence : 

2KMn04  =  5H202  =  5Pb 

5Pb 

Since  the  theoretical  factor  =  1.851  gives  too  low  results, 

lOFe 

the  empirical  factor  1.92  was  chosen, — giving  results  agreeing 
exactly  with  the  standard  gravimetric  method — whenever  a 
preliminary  separation  of  lead  is  not  necessary,  and  1.95  for  ores 
where  such  separation  is  essential.     The  reason  for  requiring  a 

'Bericht  der  Internationalen  Analysen  Kommission  an  der  VT  Internatio- 
nalen  Kongress  f  iir  Angswandte  Chemie  in  Rom,  1906.     Page  50. 
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higher  factor  than  the  theoretical  is  believed  due  to  the  lead 
peroxide  carrying  one-half  molecule  of  water. 

Solution  of  the  spelter  sample  is  effected  by  dilute  hydrochlor- 
ic acid  according  to  Oswald  Gunther^  or  dilute  sulphuric  according 
to  Nissenson^  until  nearly  all  zinc  is  dissolved.  This  procedure 
makes  it  possible  to  operate  on  a  large  sample  and  each  0.1  cc. 
of  potassium  permanganate  (0.568  grams  to  the  liter)  equals 
0.001%  lead,  when  19.2  grams  spelter  is  taken.  The  insoluble 
lead,  cadmium  and  some  zinc  is  filtered  off,  washed,  dissolved  in 
nitric  acid,  diluted,  ammonia  and  ammonium  persulphate  added 
to  peroxidize  the  lead.  After  filtering  the  cadmium  may  be  pre- 
cipitated in  the  filtrate  by  hydrogen  sulphide. 

The  substitution  of  trichloracetic  acid,  according  to  Fox^  for 
any  one  of  the  mineral  acids  usually  employed  in  separating 
cadmium  and  zinc,  has  been  found  advantageous,  since  it  is  not 
dissociated  to  the  same  extent  as  hydrochloric  or  sulphuric  acids, 
and  even  rather  concentrated  solutions  do  not  prevent  the  com- 
plete precipitation  of  cadmium.  In  the  case  of  mineral  acids 
the  strength  must  be  kept  within  narrow  limits,  as  is  well  known. 
A  slight  excess  prevents  the  complete  precipitation  of  cadmium, 
while  insufiicient  acid  causes  zinc  to  be  precipitated  along  and 
makes  several  re-precipitations  necessary.  By  means  of  trichlor- 
acetic acid  usually  only  one  re-precipitation  is  called  for,  un- 
less it  is  accompanied  by  more  zinc  than  was  aimed  at  originally 
in  dissolving. 

ANALYTICAL  METHOD 

Weigh  out  19.2  grams  of  the  spelter  and  place  in  No.  3  beaker. 
Add  200  cc.  ordinary  water  and  44  cc.  cone,  hydrochloric  acid,  or 
100  cc.  water  and  50  cc.  dilute  sulphuric  acid  (1:3);  allow  to  stand 
over  night  whenever  cadmium  is  to  be  determined,  if  lead  alone 
is  wanted  a  few  hours'  time  will  do.  Filter  off  metallics,  consisting 
chiefly  of  lead,  cadmium  and  some  undissolved  zinc,  and  wash 
with  hot  water.  Transfer  whatever  metallics  are  on  the  filter 
I  paper  back  into  the  beaker  by  means  of  a  jet  of  water.     This 

can  be  accomplished  without  loss  if   done   at  once  before  the 

^Ibid 
^Ibid 
•'Journal  Cnem.  Soc  London,  1907,  page  964. 
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paper  gets  dry.  Now  add  10  cc.  cone,  nitric  acid,  boil  until  brown 
fumes  cease  to  come  off.  Filter  and  wash  if  traces  of  tin  or  an- 
timony are  indicated,  which  is  very  seldom  the  case.  If  filtered 
and  washed  the  volume  will  probably  be  large  enough;  if  not 
filtered,  add  100  cc.  distilled  water,  30  cc.  cone,  ammonia  and 
5  to  10  grams  ammonium  persulphate,  depending  on  size  of  pre- 
cipitate. Should  lead  be  unusually  high,  say  over  1.00%,  it  is 
best  to  add  half  of  the  persulphate  before  adding  the  ammonia. 
Boil  five  minutes  and  allow  ten  more  for  the  precipitate  to  settle. 
Then  filter  while  still  warm  through  double  11  or  12.0  cm.  No.  1 
F  filters.  Wash  four  times  with  a  hot  10%  ammonia  solution 
and  five  times  with  hot  water.  Transfer  filter  with  precipitate 
back  into  same  beaker  in  which  precipitation  was  made.  Add 
25  cc.  hydrogen  peroxide  solution  (10  to  50  cc.  hydrogen  peroxide 
U.  S.  P.  strength  to  the  liter,  plus  50  cc.  cone,  nitric  acid).  Stir 
until  dissolved,  add  15  cc.  nitric  acid,  1.20  sp.  gr.  plus  75  to  100 
cc.  distilled  water  and  titrate  the  excess  of  the  hydrogen  peroxide 
by  standard  potassium  permanganate  of  the  strength  indicated 
above.  For  instance,  if  25  cc.  H2O2  blank  requires  80.0  cc.  KMn04 
and  the  sample  34.5  cc.  then  the  lead  equals  80.0 — 34.5  0.455%. 
If  25  cc.  of  the  H2O2  solution  should  fail  to  dissolve  the  lead  per- 
oxide, add  another  25  cc.  and  double  the  blank.  The  accompany- 
ing samples  taken  from  practice,  shows  that  a  new  method  checks 
exactly  with  the  long  chromate  method: 


Refined  spelter 

Refined  spelter 

Refined  spelter 

Prime  Western  spelter 

Prime  Western  spelter 

1.272 1 
Special  spelter  '        ^  1.279 

For  spelter  rather  high  in  lead,  it  will  be  advisable  to  check 
the  lead  factor  against  a  standard  spelter,  under  identical  con- 
ditions. 

'Tilitz.  Praktische  Leitfaden  fiir  Zinkhutten-laboratorien,  page  27. 


Ericson 
method 

Gravimetric^ 
as  chromate 

0.052%  lead 
0.082 

0.055%  lead 
0.083 

0.043 

0.044 

0.530 

0.538 

0.533 

0.531 
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CADMIUM    DETERMINATION 

Boil  the  ammoniacal  filtrate  from  lead  until  nearly  neutral 
and  a  white  precipitate  appears,  then  take  off  hot  plate  and  add 
40  cc.  dilute  sulphuric  acid  1 :  3  and  boil  about  ten  minutes.  Add 
water  to  make  the  volume  about  200  cc.  and  saturate  with  hy- 
drogen sulphide  gas,  adding  a  little  water  occasionally.  Allow 
the  precipitate  to  settle,  filter  through  double  filters  and  wash 
a  few  times  with  water.  Redissolve  on  the  filter  the  cadmium 
sulphide  contaminated  with  zinc  sulphide,  in  as  Uttle  warm  di- 
lute hydrochloric  acid  as  possible  and  wash  with  warm  water. 
If  copper  is  present,  the  sulphide  remains  insoluble  on  the  filter. 
It  may  be  ignited  and  weighed  as  CuO. 

The  filtrate  containing  the  chlorides  of  cadmium  and  zinc 
is  nearly  neutraUzed  with  dilute  ammonia  and  about  8  grams  of 
trichloracetic  acid  dissolved  in  water  added,  or  enough  to  dis- 
solve the  CdS  formed  by  neutralization.  Add  distilled  water 
to  about  200  cc.  volume  and  re-precipitate  Cd  by  H2S.  Allow 
to  settle,  filter  and  determine  by  any  of  the  usual  methods,  pref- 
erably as  sulphate  or  phosphate.  Duplicate  determinations 
usually  agree  within  a  few  hundreds  of  one  per  cent. 

Iron  is  determined  in  a  separate  sample  by  dissolving  10  grams 
in  75  cc.  dilute  sulphuric  acid  and  allowed  to  stand  until  prac- 
tically all  dissolved,  then  a  few  drops  of  platinic  chloride  added 
to  effect  complete  solution,  then  titrate  with  the  same  standard 
permanganate  solution  used  for  lead.  Each  0.1  cc.  KMn04  so- 
lution equals  0.001%  iron  on  a  10  gram  sample  basis. 

The  method  outUned  above  takes  care  of  the  usual  constit- 
uents called  for  in  spelter  analysis,  such  as  lead,  iron  and  cad- 
mium. Zinc  is  taken  by  difference.  Copper,  tin  and  antimony  are 
indicated  and  may  also  be  determined,  whenever  present.  The 
lead  method  is  a  marvel  of  accuracy  and  gives  very  concordant 
results.  In  making  this  claim,  I  am  aware  of  recent  criticism  in 
regard  to  shortcomings  of  most  analytical  methods  proposed. 
This  one  will  be  found,  on  investigation,  to  be  a  notable  exception, 
and  its  daily  use  for  several  years  has  fully  demonstrated  its 
reliability. 


A  STUDY  OF  SOME  METHODS  FOR  THE 
DETERMINATION  OF  ALDEHYDES 

By  B.  G.  Feinberg 
Columbia  University  New  York  N.  Y. 


INTRODUCTION 


The  great  and  constantly  growing  commercial  importance  of 
aldehydes  makes  definite  methods  of  analysis  of  great  value. 
It  is,  therefore,  not  surprising  to  note  that  the  literature  on  the 
subject  is  quite  extensive.  Although  a  considerable  amount  of 
work  has  been  done  in  comparing  certain  of  the  methods  with 
a  view  to  determining  the  most  accurate,  it  is  worthy  of  note 
that  little  has  been  done  to  determine  the  general  applicability 
of  some  of  the  methods  nor  has  a  systematic  quantitative  study 
of  the  behavior  of  certain  tyi^ical  aldehydes  towards  various 
reagents  been  undertaken. 

On  account  of  the  reactivity  of  the  carbonyl  group,  aldehydes 
are  capable  of  taking  part  in  many  reactions.  Those  which  in 
addition  to  the  aldehyde  group  also  have  other  characteristic 
groups  will  in  turn  take  part  in  special  reactions  peculiar  to  those 
groups. 

Methods  may  therefore  be  classified  as  general  when  the  char- 
acteristic reactions  of  the  aldehyde  group  alone  are  considered, 
and  special  when  the  properties  of  any  of  the  other  groups  present 
are  taken  advantage  of  for  purposes  of  analysis. 

Among  the  general  methods  (a)  the  combination  of  aldehydes 
with  bisulphite;  (&)  the  use  of  neutral  sulphite;  and  (c)  the  pre- 
cipitation of  aldehydes  as  hydrazones  by  means  of  substituted 
hydrazines  were  considered  promising  and  deserving  of  closer 
study. 

This  paper  is  part  of  "A  Quantitative  Study  of  Some  Aldehyde 
Reactions."  The  study  was  suggested  by  Professor  H.  C.  Sher- 
man of  Columbia  University  and  was  carried  out  under  his  direc- 
tion.    The  writer  takes  this  opportunity  for  thanking  Professor 
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Sherman.  He  also  wishes  to  mention  that  part  of  the  work  was 
carried  out  at  the  Laboratory  of  the  College  of  the  City  of  New 
York  through  the  courtesy  of  the  Director. 

PURPOSE   AND    PLAN 

The  part  of  the  work  taken  up  in  this  paper  consists  in  the 
determination  of  how  quantitative  the  general  methods  mentioned 
above  are  with  the  following  typical  aldehydes: 

Formaldehyde,  benzaldehyde,  salicyl  aldehyde,  p-oxy  benzalde- 
hyde,  anisaldehyde,  and  vanillin. 

The  purest  material  possible  was  procured,  its  purity  ascertained 
by  the  application  of  well-known  tests,  by  redistillation  at  reduced 
pressure,  recrystallization,  or  sublimation.  Also,  wherever  pos- 
sible the  best  tested  or  approved  special  methods  were  used  as 
checkSo 

THE    COMBINATION    WITH   BISULPHITE 

Bertagnini^  in  1853,  established  the  fact  that  bisulphite  com- 
bined with  substances  of  aldehydic  nature.  In  1892^  this  was 
introduced  by  Schimmel  and  company,  for  the  determination 
of  cinnamic  aldehyde  in  cassia  oil.  It  now  plays  an  important 
part  in  the  valuation  of  citral  and  cinnamic  aldehyde-containing 
oils.  The  method  of  determination  consists  in  treating  a  known 
volume  of  oil  with  sodium  bisulphite  in  a  cassia  flask,  shaking 
well  and  allowing  to  stand  for  some  time.  The  oil  is  then  brought 
up  to  the  graduated  portion  of  the  flask,  and  the  volume  of  un- 
combined  oil  is  read  off.  The  aldehyde  present  is  thus  deter- 
mined by  difference. 

In  1901,  M.  Ripper^  suggested  using  a  dilute  bisulphite  solution 
with  dilute  aldehyde  solutions,  and  determining  the  excess  bisul- 
phite with  a  standard  iodine  solution.  Ripper  uses  potassium 
bisulphite  and  claims  good  results  with  formaldehyde,  acetalde- 
hyde,  benzaldehyde,  and  vanillin.  The  method  as  applied  here 
was  essentially  that  of  Ripper  Avith  the  exception  that  solutions 
of  various  concentrations  were  employed.  The  conditions  which 
gave  the  best  results  are  described  below. 

iDie  "Atherischen  Ole"  Semnaler,  I,  156. 
^"Atherischen  Ole"  Gildmeister  and  Hoffman  (23,  p.  602). 
»Monatsh,  8,  637. 
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The  preponderance  of  opinion  seemed  to  be  in  favor  of  the 
Romijin^  iodine  method,  as  the  most  reliable  for  commercially 
pure  solutions  of  formaldehyde.  It  was  therefore  selected  as 
the  check  method  in  determining  how  quantitative  the  other 
methods  were. 

The  formaldehyde  used  was  Kahlbaum's  pure,  which  had 
previously  shown  33.76  per  cent  aldehyde  by  the  Blank^  and 
Finkenbeiner  method. 

More  consistent  results  were  obtained  with  the  Romijin  method 
when  the  conditions  were  modified  so  as  to  use  twice  the  amount 
originally  recommended.  The  error  in  measuring  a  small  amount 
of  solution  is  thus  decreased.  The  conditions  as  used  are  there- 
fore as  follows:  Ten  cubic  centimeters  of  a  solution  of  formalde- 
hyde containing  about  five  grams  to  the  half  liter  were  treated 
in  a  stoppered  Erlenmeyer  flask  with  forty  cubic  centimeters  of 
a  standard  iodine  solution  about  tenth  normal,  made  up  with 
thirty-five  grams  potassium  iodide  per  liter,  ten  cubic  centi- 
meters normal  sodium  hydroxide  added,  and  allowed  to  stand 
fifteen  minutes;  ten  cubic  centimeters  normal  sulphuric  acid  were 
then  added,  and  the  excess  iodine  determined  with  about  tenth 
normal  thiosulphate.  By  means  of  a  flask,  the  amount  of  iodine 
used  up  by  the  aldehyde  present  is  ascertained,  and  from  the  factor, 
one  gram  iodine  is  equivalent  to  0.11858  grams  formalde- 
hyde, the  aldehyde  equivalent  of  one  cubic  centimeter  iodine 
solution  can  be  obtained.  The  average  of  fourteen  determina- 
tions by  this  method  showed  33.86  per  cent  aldehyde. 

Solutions  of  sodium  bisulphite  were  now  used  upon  an  aldehyde 
solution  of  the  above  mentioned  concentration.  A  three  per 
cent  bisulphite  solution  gave  results  which  approached  the  closest 
to  those  obtained  above  with  the  Romijin  method.  The  figures 
in  Table  I  were  obtained  by  treating  25  cc.  aldehyde  solution 
containing  5  grams  to  half  a  liter,  with  25  cc.  3  per  cent  bisulphite 
solution,  in  a  stoppered  Erlenmeyer  flask.  After  standing  about 
fifteen  minutes,  during  which  a  blank  is  run,  the  excess  bisulphite 
is  titrated  with  tenth  normal  iodine  and  the  per  cent  aldehyde 


iZ.  Anal.  chem.  36,  18. 
^Ber.  5i,2979. 
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calculated  from  the  iodine  equivalent  of  the  formaldehyde^  men- 
tioned above. 

For  use  with  bisulphite,  a  high  grade  of  commercial  benzalde- 
h}' de  was  first  distilled  at  the  ordinary  pressure  and  that  fraction 
which  came  over  at  178.o°-179°,  corrected,  using  a  standardized 
thermometer,  was  collected  and  redistilled  in  vacuum.  At  110 
mm.  the  boiling  point  of  the  aldehyde  was  found  to  be  112.5°, 
corrected.  The  main  portion  was  then  fractionated  in  vacuum, 
and  that  part  which  distilled  over  at  112.5°-113°  at  110  mm. 
was  caught  in  an  amber-colored  bottle,  and  tightly  stoppered 
at  once.     Oxidation  was  therefore  reduced  to  a  minimmn. 

A  one  per  cent  aldehyde  solution  m  100  cc.  95  per  cent  alcohol 
and  400  cc.  water  was  prepared,  and  varying  amounts  of  this 
solution  were  treated  with  different  quantities  of  sodium  bisul- 
phite solutions  ranging  in  concentration  from  1-6  per  cent  and  the 
excess  determined  with  standard  iodine.  Results  above  95  per 
cent,  however,  were  not  obtained.  The  aldehyde-bisulphite 
compomid  is  apparently  hydrolized  verj^  easily  into  bisulphite 
and  aldehyde,  for  in  all  cases  when  the  reaction  mixture  was 
titrated  with  iodine,  the  endpoint  could  not  be  made  to  persist 
for  more  than  the  fraction  of  a  second.  If  the  titration  were 
continued  until  a  permanent  endpoint  was  obtained  the  amount 
of  iodine  used  would  almost  be  equal  to  that  required  by  the 
bisulphite  alone.  Attempts  to  render  the  reaction  more  quantita- 
tive did  not  prove  very  successful.  The  addition  of  neutral 
sodiimi  sulphite  to  take  care  of  the  acid  formed  during  the  titra- 
tion and  which  promoted  the  splittmg  of  the  addition  compound, 
appeared  to  give  better  results  but  still  only  about  95  per  cent 
of  the  theoretical. 

The  figures  in  the  table  were  obtained  by  treating  25  cc.  of  the 
1  per  cent  aldehyde  with  25  cc.  of  a  3  per  cent  sodium  bisulphite 
and  allowTng  the  mixture  to  stand  about  25  minutes  in  a  stoppered 
Erlenmeyer  flask  before  titrating  the  excess  bisulphite. 

Salicyl  aldehyde  was  purified  by  fractionation  under  reduced 
pressure  and  only  that  which  distilled  at  139°-139.5°  at  160 
mm.  or  166°-166.5°  at  360  mm.  was  treated  similarly  to  benzalde- 
hyde ;  the  results  indicated  only  about  82  per  cent  material  showing 

»W.  Kerp,  Z.  Nahr.  Genussen,  6,  66.     Also  Centr.  '04,  II,  57. 
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that  this  aldehyde  bisulphite  compound  was  much  less  stable 
than  the  corresponding  benzaldehyde  compound.  In  order  to 
ascertain  whether  the  greater  instability  of  the  addition  com- 
pound was  due  to  the  proximity  of  the  acid  hydroxyl  group, 
experiments  were  conducted  with  p-oxy  benzaldehyde. 

Kahlbaum's  p-oxy  benzaldehyde  was  purified  by  sublimation 
and  the  fine  snow-white  needle-hke  crystals  were  found  to  have 
a  melting  point  of  115°-116°.  These  were  then  used  for  the 
various  determinations.  With  bisulphite  the  results  were  mainly 
87-89  per  cent  of  the  theory.  Thus,  showing  that  while  the 
hydroylsis  of  the  aldehyde-bisulphite  compound  was  greater  in 
this  case  than  for  benzaldehyde^  it  was  considerably  smaller  than 
for  salicyl  aldehyde.  The  presence  and  proximity  of  the  hydroxyl 
group  apparently  influence  the  stability  of  the  bisulphite  addition 
compoimd. 

On  account  of  the  relation  between  anisaldehyde  and  vanillin 
on  one  hand,  and  benzaldehyde,  salicyl  and  p-oxy  benzaldehyde 
on  the  other,  it  was  considered  very  interesting  to  note  how  the 
former  would  behave  in  the  various  determinations. 

Anisaldehyde  was  therefore  purified  by  repeated  fractionation 
under  reduced  pressure  and  that  which  distilled  at  195°-195.5° 
corrected  at  205  mm.  pressure  was  used  in  the  determinations. 
The  results  with  bisulphite  showed  only  about  90  per  cent  of  the 
theoretical  amount  present.  This  would  indicate  that  while 
the  anisaldehyde  bisulphite  compound  was  more  easily  hydrolized 
than  that  with  benzaldehyde,  it  was  not  as  readily  hydrolized 
as  the  corresponding  p-oxy  compound  and  still  less  than  that  with 
salicyl  aldehyde. 

Vanillin  which  was  specially  purified  by  Isakovics  as  well  as 
material  prepared  by  Kahlbaum  and  Fritzsche  Bros,  was  used 
in  the  determinations.  When  the  conditions  with  bisulphite  used 
heretofore  were  applied  to  vanillin  the  results  of  a  hundred  deter- 
minations on  the  three  brands  ranged  from  93-96  per  cent  of  the 
theory.  Attempts  to  make  the  reaction  more  quantitative  by 
increasing  the  concentration  of  the  bisulphite,  using  alcohol 
instead  of  water  as  a  solvent,  titrating  in  an  ice  bath,  or  taking 
care  of  the  acid  formed,  did  not  very  materially  change  the  figures. 

»See  Table  I. 
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Vanillin  apparently  is  hj'drolized  to  a  smaller  extent  than  any 
of  the  others  tried  excepting  formaldehyde. 


T-IBLE  I 
Bisulphite  Exsults  of  the  Differext  Aldehydes  as  Per  Cext 

OF  THE    ThEORETIC.\L 


Formaldeliyde^ 

Benz  alde- 
hyde 

SaUcv- 
lald. 

P-oxy 

Benzald. 

Anisald. 

Vanillin 

33.42 

93.45 

80.48 

88.40 

89.90 

A.  material 

33.42 

92.79 

81.58 

88.86 

90.40 

95.19 
95.59 

33.42 

93.34 

82.01 

88.40 

90.17 

95.21 
95.77 

33.34 

92.02 

82.23 

89.10 

95  21 
95.64 

33.40 

93.12 

82.23 

89.10 

95.20 
94.98 

33.19 

93.55 

85.66 

B.  material 

33.31 

93.12 

85.38 

94.50 

33.21 

94.98 

85.50 

94.40 
94.50 

33.36 

95.19 

87.09 

94.63 
94.31 

33.51 

94.77 

86.77 

94.18 

33.42 

92.89 
93.71 

87.09 

C.  material 
95.75 

Aver.  33.34 

93.61 

94.03 
93.82 

95.75 
95.35 
95.72 
95.50 

In  the  table  the  figm-es  were  obtained  by  treating  an  approxi- 
mately one  per  cent  aldehyde  solution  ^^-ith  10-25  cc.  three  per 
-  Romijin  results = 33 .86  % . 
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cent  sodium  bisulphite  solution  in  a  stoppered  Erlenmeyer  flask 
and  titrating  after  15-25  minutes  (depending  upon  the  aldehyde) 
with  a  standard  iodine  solution,  until  the  blue  color  with  starch 
persisted  for  an  instant.  The  difference  between  the  amount  of 
iodine  required  by  a  blank  run  under  similar  conditions  and  that 
required  in  the  determination  gave  the  iodine  equivalent  to  the 
amount  of  aldehyde  used.  The  per  cent  was  calculated  by  using 
the  factors  obtained  from  the  amount  of  aldehyde  equivalent  to 
one  gram  iodine,  thus: 

1  gram  iodine  is  equivalent  to  0.11858  grams  formaldehyde 
1  gram  iodine  is  equivalent  to  0.41178  grams  benzaldehyde 
1  gram  iodine  is  equivalent  to  0.48081  grams  salicyl  and  p-oxj- 
benz  aldehyde 

1  gram  iodine  is  equivalent  to  0.5.360  grams  anisic aldeh^-de 
1  gram  iodine  is  equivalent  to  0.5990  grams  vanillin. 

W.  Kerp^  finds  that  the  sodium  bisulphite  addition  compounds 
of  aldehydes  and  ketones  are  hydrolized  in  water.  This  is  in- 
creased by  a  rise  in  temperature  and  lowered  by  an  increase  in 
concentration.  He  finds  that  the  formaldehyde  compound  is 
least  hydrolized;  acetaldehyde  five  times  as  great:  benzaldehyde, 
thirty-one  times  as  readily;  acetone  155  times,  and  glucose  500- 
1200  times  as  fast  as  with  the  formaldehyde  compound.  A  study 
of  Table  I  will  give  an  idea  of  the  relative  ease  with  which  the 
addition  compoimds  are  probably  hydrolized. 

Another  cause  for  low  results,  though  of  less  importance  than 
that  caused  by  hydrolysis,  would  be  the  error  in  reading  the 
burette.  Thus,  if  that  error  be  placed  at  about  0.01  cc.  for  a 
concentrated  bisulphite  this  would  amount  to  about  0.1  cc.  of 
iodine  solution,  which  alone  is  sufficient  to  cause  an  error  of 
several  tenths  of  a  per  cent  on  the  amoimt  of  vanillin  taken,  for 
an  analysis. 

R.  H.  Wilhams-,  working  in  this  laboratory  compared  the  Legler,^ 
Blank*  and  Finkenbeiner,  with  the  Romijin^  iodine  and  cyanide 

iZ.  Xahr.  Genussen,  6,  66. 

-J.  .\in.  Chem.  Soc,  S7,  596. 

»Ber.,  16,  1333. 

•Ber.,  31.  2979. 

a.  Anal.  Chem.,  36,  IS. 
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methods  on  formaldehyde  and  concludes  that  the  condensation 
methods  give  lower  results  because  the  reaction  is  not  complete, 
or  the  oxidation  methods  give  higher  results  because  the  oxidation 
goes  further  than  the  equation  would  show.  The  bisulphite 
method  belonging  to  the  former  class,  probably  gives  lower  results 
than  the  iodine  method  with  formaldehyde,  for  the  reason  men- 
tioned above. 

USE  OF  SODIUM  SULPHITE  IN  THE  DETERMINATION  OF  ALDEHYDES 

According  to  some  investigators,  when  neutral  sodium  sulphite 
in  water  solution  acts  on  an  aldehyde  or  ketone,  sodium  hydroxide 
is  liberated  thus : 

R.  COH+Na^S03+H20  =  R.  C(OH)NaHS03+NaOH. 

The  use  of  this  reaction  for  the  quantitative  determination  of 
aldehydes  was  first  suggested  by  Tiemann^  Later  Sadtler^ 
stated  that  this  reaction  was  more  or  less  general  for  the  quantita- 
tive determination  of  some  saturated  and  unsaturated  aliphatic,  and 
aromatic  aldehydes,  and  some  ketones.  The  method  as  worked 
out  by  him  consists  in  titrating  the  alkali  with  normal  acid. 
From  the  equation  the  amount  of  aldehyde  present  could  be  cal- 
culated. 

A  20  per  cent  sodium  sulphite  solution  was  prepared  and 
neutralized  as  closely  as  possible  using  phenolphthalein  as  in- 
dicator. When  this  solution  was  used  with  dilute  aldehyde 
solutions,  and  tenth  normal  acid  used  in  the  titration,  the  results 
obtained  were  quite  far  from  the  theoretical.  This  may  in  part 
be  due  to  the  difficulty  of  obtaining  a  sharp  endpoint  in  titrating 
sodium  sulphite  a  half  of  1  cc.  acid,  more  or  less,  producing 
no  effect  on  the  endpoint.  When,  however,  the  concentrated 
aldehyde  was  used,  normal  or  half  normal  acid  could  be  used 
for  the  titration,  and  on  account  of  the  large  amounts  of  acid 
used  up,  0.1  or  0.2  cc.  did  not  cause  a  serious  error.  The  deter- 
mination on  formaldehyde  was  therefore  carried  out  as  follows: 

Two  to  five  grams  of  aldehyde  were  weighed  into  a  stoppered 
Erlenmeyer   flask   and  neutralized   with  tenth   normal   sodium 

i(Berl.)  Ber.,  SI  ('98),  3317. 

^'Am.  J.  Pharm.  ('04),  76,  84;  J.  Soc.  Chem.  Ind.,  SS  ('04),  303;  J.  Am. 
Chem.  Soc,  ^7('05),  1321. 
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hydroxide  and  two  drops  phenolphthalein;  now  50  cc.  of  the 
neutral  sodium  sulphite  solution  were  added  for  each  two  grams 
of  aldehyde,  the  mixture  allowed  to  stand  about  half  an  hour 
and  titrated  with  half  normal  sulphuric  acid  to  absence  of  a  pink 
color.  The  amount  of  acid  required  by  a  blank  containing  an 
amount  of  sulphite  equal  to  that  left  uncombined  in  the  deter- 
mination is  subtracted  from  the  amount  required  in  the  deter- 
mination. This  is  the  correction  recommended  by  Russ^  and 
Larsen.  Sadtler^,  however,  in  the  case  of  citral  uses  the  same 
amount  of  sulphite  as  in  the  determination.  He  does  not  say 
whether  that  is  also  the  condition  in  the  case  of  formaldehyde. 
If,  however,  the  blank  contains  the  same  amount  of  sulphite  as 
the  determination,  the  results  are  about  0.75  per  cent  less  than 
shown  in  Table  II.  The  results  obtained  by  this  method  check 
very  closely  with  those  obtained  by  the  bisulphite  method,  being 
almost  identical  with  them. 

With  benzaldehyde  the  conditions  described  in  the  Pharma- 
copoeia, 8th  Revision,  gave  low  results  similar  to  those  obtained 
with  dilute  solutions.  As  a  result  of  comparative  experiments 
in  which  the  concentration  of  aldehyde,  the  amount  of  sulphite, 
the  presence  of  alcohol  or  kerosene  as  diluent,  and  the  interval 
before  titration  were  the  factors  varied,  the  conditions  which 
were  found  to  be  most  satisfactory  were  as  follows; 

About  a  gram  of  benzaldehyde  was  weighed  into  a  well-stoppered 
flask,  10  cc.  alcohol  added,  and  a  little  water  about  10  cc.  to  wash 
down  the  sides  of  the  flask.  The  aldehyde  was  then  neutralized 
with  the  tenth  normal  alkali  using  6  drops  of  1  per  cent  phenol- 
phthalein as  an  indicator.  Then  50  cc.  neutral  sodium  sulphite 
were  added  and  titrated  with  half  normal  sulphuric  acid  until 
the  pink  color  disappeared.  A  blank  containing  35  cc.  sulphite, 
the  amount  calculated  to  be  left  unabsorbed,  was  carried  out 
alongside  of  the  determination,  and  the  amount  of  acid  required 
to  render  colorless,  subtracted  from  the  total  acid  in  the  deter- 
mination. 

The  alkali  required  to  neutralize  the  aldehyde  was  calculated 
to  benzoic  acid,  and  this  weight  of  acid  subtracted  from  the  weight 

iMitt.  Technol.  Gewerb.  Uns.,  Wien  (2)  16,  85;  (Centr.,  '06,  II,  363). 
2J.  Soc.  Chem.  Ind.,  S3,  303. 
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of  the  sample  before  calculating  the  per  cent  aldehyde.  In  this 
way  results  of  about  99  per  cent  of  the  theoretical  were  obtained 
for  the  benzaldehyde  used. 

With  salicyl  aldehyde  and  p-oxy  benzaldehyde  before  the 
addition  of  sodium  sulphite  the  acidity  was  neutralized  with  half 
normal  sodium  hydroxide  and  phenolphthalein.  During  the 
neutralization  or  after  the  addition  of  the  sulphite,  colored  com- 
pounds were  formed  rendering  it  impossible  to  titrate  with  any 
degree  of  accuracy. 

Anisic  aldehyde  behaves  like  benzaldehyde  in  that  a  clear 
solution  is  obtained  which  is  not  colored  as  with  salicyl  aldehyde 
and  p-oxy  benzaldehyde.  The  determination  of  the  endpoint 
is,  however,  more  difficult;  phenolphthalein  must  be  added  in 
the  course  of  the  titration,  the  color  being  rather  flitting. 

The  results  that  were  obtained  indicated  only  about  94  per 
cent  aldehyde  when  the  determination  was  conducted  under 
the  conditions  established  under  benzaldehyde. 

In  the  case  of  vanillin,  as  with  salicyl  aldehyde  and  p-oxy 
benzaldehyde,  it  was  found  very  difficult  to  indicate  the  end  of 
the  titration  with  any  degree  of  accuracy,  whether  the  solution 
was  titrated  cold  or  hot.  The  solution  at  first  was  only  slightly 
off  color,  this  could  not  however  be  dissipated  by  adding  acid, 
and  the  endpoint  could  not  be  determined. 

TABLE  II 
Results  with  Neutral  Sulphite  in  Per  Cent 


1. 

Formalde.' 

Benzald. 

SaUcylald. 

P-oxy 
Benzald. 

Anisicald. 

Vanillin. 

33.20 

97.31 

Not  possible 

91.60 

92.67 

Not  possible 

33.40 

98.76 

to   indicate 

89.60 

94.09 

to      indicate 

33.46 

99.00 

with  any  degree 
of  accuracy. 

83.72 

94.25 

with  any  de- 
gree   of    ac- 

33.22 

98.77 

52-54% 

83.18 

93.46 

curacy. 

33.29 

98.64 

83.76 

93.64 

33.18 

98.05 

76.09 

92.33 

33.17 

99.09 

80.45 

94.90 

33.42 

33.51 

Av.  33.32 

Av.  98.52 

iRomijin  Method  =  33.86%. 
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Attention  may  be  directed  here  to  the  view  of  Seyewetz^  and 
Gibbello.  They  claim  that  when  neutral  sodium  sulphite  is  added 
to  formaldehyde,  no  reaction  takes  place  until  acid  is  added. 
The  bisulphite  then  formed  combines  with  the  aldehyde.  Since 
the  formaldehj^de  bisulphite  compound  reacts  neutral  to  phenol- 
phthalein,  the  sulphuric  acid  does  not  decolorize  the  indicator 
until  all  the  formaldehyde  has  gone  into  combination  with  the 
bisulphite. 

2Na2S03  +  2CH2O  +  H2SO4  =2NaHS03.CH20  +  Na^S04. 

The  writer  is  inclined  to  agree  with  this  explanation  for  the 
following  reasons : 

1.  When  sulphite  is  added  to  the  aldehyde  used,  the  char- 
acteristic odor  of  the  latter  is  not  dissipated  even  on  long  standing 
until  acid  had  been  added  in  sufficient  amount  to  form  bisulphite 
to  combine  with  all  the  aldehyde  present. 

2.  If  during  the  titration  the  acid  should  be  poured  in  quite 
rapidly  with  shaking,  the  solution  will  turn  entirely  colorless  long 
before  it  should  do  so.  On  shaking  for  some  time,  however,  it 
turns  pink  again,  and  the  titration  can  be  continued.  This  is 
observed  only  slightly  with  formaldehyde  but  is  very  marked  with 
benzaldehyde  and  anisaldehyde  The  behavior  described  would 
seem  to  indicate  that  more  bisulphite  was  formed  than  could 
be  absorbed  at  once;  on  thorough  agitation,  however,  the  reaction 
proceeded  to  completion  and  all  the  bisulphite  used  up. 

3.  In  the  course  of  the  titration,  the  pink  color  does  not  seem  to 
diminish  much  in  intensity,  until  very  near  the  end. 

In  the  case  of  benzaldehyde  and  anisaldehyde  it  was  moreover 
possible  to  get  experimental  proof  of  the  absence  of  a  reaction 
liberating  alkali,  as  follows: 

Five  cc.  of  the  aldehyde  were  pipetted  into  a  cassia  flask  filled 
to  the  divisions  on  the  neck,  with  neutral  sodium  sulphite.  The 
benzaldehyde  remaining  on  top,  the  amount  added  could  be 
readily  measured,  so  that  the  pipette  reading  was  verified.  After 
standing  in  this  way  for  twelve  days  with  frequent  shaking,  it 
was  observed  that  the  aldehyde  on  top  had  not  changed  in  amount. 
When  5  cc.  of  the  clear  sulphite  solution  was  pipetted  out  from  the 

ifiuU  Soc.  Chim.  (3X5/,  691  ('04). 
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bottom  of  the  flask,  1.1  cc.  half  normal  acid  were  required  for 
neutralization,  while  a  blank  of  5  cc.  sulphite  required  1.15  cc. 
of  the  acid.  No  alkali  was,  therefore  liberated.  The  result 
was  similar  in  the  case  of  anisaldehyde. 

In  the  case  of  the  sulphite  method  a  considerable  amount  of 
practice  is  required  before  the  results  will  be  uniform  and  con- 
cordant. Gildmeister^  and  Hoffmann  say  that  it  is  impossible 
to  titrate  sulphite  solutions  sharply  so  that  the  endpoint  of  the 
reaction  can  only  be  approximately  determined.  Accurate  re- 
sults are  therefore  not  to  be  obtained  with  it.  In  spite  of  this 
disadvantage  for  concentrated  solutions,  the  simplicity  of  the 
process  and  rapidity  of  execution  makes  this  method  quite 
desirable.  As  may  be  seen  from  Table  II  the  results  for  formalde- 
hyde arc  close  enough  to  make  it  quite  reliable.  Benzaldehyde 
also  may  be  determined  with  a  fair  degree  of  accuracy. 


THE  CONVERSION  OP  ALDEHYDE  INTO  HYDRAZONES. 

A .     Use  of  P-hrom  Phenyl  Hydrazine. 

J.  Hanus^  suggested  the  use  of  p-brom  phenyl  hydrazine  for 
precipitating  vanillin  quantitatively.  An  attempt  was  therefore 
made  to  apply  this  method  to  the  other  aldehydes. 

Th(!  solutions  used  were  approximately  of  one  per  cent  con- 
centration; wh(!rever  possible  water  alone  was  used  as  the  solvent 
or  the  su})Ktance  brought  into  solution  with  as  small  a  quantity 
of  alcohol  or  acetic  acid  as  would  be  required  to  keep  it  in  solution 
when  the  desired  concentration  was  obtained  by  diluting  with 
water. 

The  preci[)itant  was  pn^pared  fresh  when  required  by  dissolving 
in  the  nec(^ssary  volume;  of  hot  water  and  filtering  before  use. 

Attempts  to  precipitate  formaldehyde;  with  p-brom  phenyl 
hydrazine  did  not  result  successfully;  the  precipitate  did  not 
settle  and  ran  tlirough  the  filter. 

With  benzaldehyde  under  various  conditions  the  results  did 
not  show  more  than  about  93  per  cent  aldehyde.  The  hydrazone 
did  not  form  well,  was  sticky,  and  gave  a  rather  turbid  filtrate. 

'AUieriHdicn  Olc  (2)  004. 

'Z.  Unters.  Nahr.  Gen.  3,  631  ('00). 
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Simiiariy  the  hydrazone  obtained  with  salicyl  aldehyde  resembled 
the  benzaldehyde  hydrazone  and  indicated  only  about  93  per 
cent  aldehyde. 

A  well  formed  and  easily  handled  hydrazone,  however,  was 
fonned  with  p-oxy  benzaldehyde:  25  co,  of  a  1  per  cent  water 
solution  of  the  crystals  using  40  cc.  alcohol  to  the  half  liter,  were 
treated  with  75  cc.  hot  water  containing  in  solution  2-3  times 
as  much  h>*drazine  as  the  aldehyde  to  be  precipitated.  The 
precipitation  was  conducted  at  50"  C.  and  the  precipitate  aflowed 
to  stand  five  houre.  It  was  then  filtered  on  a  Gooch  crucible, 
washed  with  hot  water  to  absence  of  a  reaction  with  alver  nitrate 
and  dried  at  105°.  The  weight  of  the  hydrazone  multiplied  by 
0.-1193  gives  the  weigit  of  aldehyde  present. 

C^OH.COH  -  C^.B.XH.XB. 
=C«H40H.CH  lN'.XH.C*H4B.  -  H-O. 

Theoietical  results  weie  obtained  under  the  ccoiditiosis  described. 

Anisaldehyde  g:ave  results  in  the  nea^ibcHbood  of  99  p»  cent 
when  an  acetic  acid  solution  of  90  ce.  gia«^  acid  to  hah'  a  liter 
of  a  one  per  cent  aldehyde  was  used.  The  precipitaticHi  was 
carried  out  under  conditions  similar  to  those  described  above 
with  the  exception  that  the  precipitate  was  allowed  to  stand  one 
hour  instead  of  five  and  was  dried  at  100.  The  wei^t  of  hydra«ine 
iniiltiplied  by  0.4460  gives  the  aldehyde  pr^-sent. 

The  conditions  for  the  precipitation  of  vanilliii  with  p-bfx»a 
rhenyl  hyxiraiine  are  essentially  as  described  by  Hanus^;  0.5 
gram  of  the  hydrazine  being  2-3  tiaies  the  theoretical  amount, 
was  dissolved  in  75  cc.  of  hot  water,  filtered,  and  added  to  25  cc, 
erf  the  0.75-1  p«-  cent  water  soiution  of  vamlliii  which  was  pre- 
viously warmed-  The  temperature  at  the  precipitatic»i  was 
kept  at  about  50^  C.  The  precipitate  settles  in  about  harf  an 
hour  and  is  allowed  to  stand  for  about  five  hours:  it  is  then  filter^ 
oai  a  Gooch  crucible,  washed  with  hot  water  until  the  washings 
no  longer  reduce  alver  nitrate-  dried  at  100°  and  weigied. 

The  weight  of  the  hydrazine  multiplied  by  0.4r3.S  gives  the 
■K-ei^t  ci  vaniilrn  present. 

^  Unteis.  Xahr.  G«i-,  Sy  5S2  OOOX 
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TABLE  III 

Percentage  Results  witb 

[  P-BROM  Phenyl  Hydrazine 

Formald 

Benzald 

Salicylald. 

P-oxy 
Benzald 

Anisald' 

VaniUin 

A  well  defined 

93.55 

93.24 

99.82 

99.50 

A.  — 

precipitate 

91.12 

93.21 

100.09 

99.11 

98.75 

did  not  form. 

98.50 

91.92 

93.04 

99.88 

99.09 

99.07 
99.18 

93.42 

93.25 

93.05 

93.44 
94.25 
94.35 

B.  - 
98.88 
98.72 
99.21 
99.40 
99.37 

C.  — 
99.09 
99.32 
99.25 
99.02 
98.86 
98.81 

From  the  table  it  may  be  noticed  that  those  aldehydes  which 
were  solid,  vanillin,  and  p-oxy  benzaldehyde,  tended  to  give 
hydrazones  which  were  most  suited  for  quantitative  determination. 
The  lower  the  molecular  weights  of  those  that  are  liquid,  the  less 
quantitative  are  the  results. 

B.     The  Use  of  P-Nitro  Phenyl  Hydrazine. 

W.  Alberda  van  Epenstein^  and  J.  J.  Blanksman  found  that 
p-nitro  phenyl  hydrazine  precipitated  acetone,  acetaldehyde,  and 
benzaldehyde,  quantitatively.  Although  they  give  only  single 
determinations  in  each   case  to   support  their  contention,   the 

^The  results  here  were  corrected  for  anisic  acid  by  titrating  25  cc.  with 
tenth  normal  alkali  and  subtracting  the  weight  of  acid  thus  found  from  the 
weight  of  aldehyde  present  before  calculating  the  per  cent. 

^Receuil  Trav.  Chim.  Pays  Bas,  24  ('05)  33. 
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method  was  considered  promising  and  was  taken  up  more  fully 
^vith  the  aldehydes  considered  in  order  to  ascertain  how  generally 
applicable  it  might  be. 

The  solutions  of  the  aldehydes  employed  here  were  the  same 
as  those  used  with  p-brom  phenyl  hydrazine.  The  precipitant 
was  dissolved  in  30  per  cent  acetic  acid  or  in  dilute  hydrochloric 
acid  and  the  solution  filtered.  This  was  prepared  fresh  when 
wanted. 

When  this  reagent  was  employed  with  formaldehyde,  a  well 
defined  precipitate  formed  at  once  and  was  easily  handled;  the 
results,  however,  did  not  check  with  those  obtained  by  the  other 
methods,  showing  only  about  26  per  cent  aldehyde. 

As  a  result  of  various  trials  the  conditions  which  gave  the  most 
consistent  results  with  benzaldehyde  were  as  follows : 

A  one  per  cent  solution  of  benzaldehyde  in  12  per  cent  acetic 
acid  was  prepared;  25  cc.  of  this  solution  were  diluted  with  50 
cc.  water,  and  30  cc.  30  per  cent  acetic  acid  containing  about  twice 
as  much  of  the  p-nitro  phenyl  hydrazine  as  demanded  by  theory 
were  added.  The  precipitate  was  allowed  to  stand  five  hours, 
then  filtered  on  a  Gooch  crucible,  washed  with  10  per  cent  acetic 
acid  to  absence  of  a  strong  color  with  dilute  alkali,  dried  in  an 
oven  at  105-110°,  and  the  weight  multiplied  by  0.4400  to  obtain 
the  weight  of  benzaldehyde.  If  the  weight  of  benzoic  acid  is 
separately  determined,  by  titration  with  alkali,  and  subtracted 
from  the  weight  of  aldehyde,  taken  for  analysis,  the  method 
proves  to  be  about  99  per  cent.  It  is  therefore  the  most  accurate 
method  for  benzaldehyde  at  present  known. 

For  salicylic  aldehyde,  the  conditions  which  gave  the  most 
quantitative  results  were  essentially  the  same  as  for  benzaldehyde : 

To  20  cc.  of  one  per  cent  solution  of  the  aldehyde  in  15  per  cent 
acetic  acid  were  added  50  cc.  of  water  and  25  cc.  of  30  per  cent 
acetic  acid  containing  0.6  gram  of  the  hydrazine.  The  precipitate 
was  allowed  to  stand  one  hour,  filtered  on  a  Gooch  crucible, 
washed  with  10  per  cent  acetic  acid,  to  absence  of  a  strong  color 
with  dilute  alkali,  and  dried  at  105-110°. 

The  weight  of  the  hydrazine  multiplied  by  0.4747  gives  the 
weight  of  aldehyde  present.  The  figures  obtained  under  these 
conditions  are  quite  concordant  though  only  about  95.5  per  cent 
of  the  theoretical. 
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When  the  conditions  described  above  were  applied  to  the  deter- 
mination of  anisaldehyde,  p-oxy  benzaldehyde,  and  vanillin,  the 
results  obtained  were  about  100  per  cent,  101.5  per  cent  and  102 
per  cent  for  the  respective  aldehydes.  After  considerable  varia- 
tion of  conditions,  the  p-nitro  phenyl  hydrazine  was  dissolved  in 
very  dilute  hydrochloric  acid  about  twice  normal  strength  and 
added  drop  by  drop  from  a  pipette  to  the  aldehyde  solution  which 
had  previously  been  diluted  with  75  cc.  water  and  warmed.  The 
mixture  was  stirred  vigorously  while  the  precipitant  was  added, 
and  the  precipitate  allowed  to  stand  half  an  hour  before  filtration. 
It  was  washed  on  the  Gooch  crucible  with  a  little  of  the  dilute 
hydrochloric  acid,  and  finally  with  water  until  the  washings 
only  gave  an  opalescence  with  silver  nitrate.  A  few  available 
figures  with  vanillin  show  results  very  close  to  the  theoretical. 
The  writer  believes^  that  by  this  treatment  co-precipitation  will 
be  decreased  to  a  minimum. 

The  factors  for  calculating  the  aldehyde  from  the  weight  of  the 
hydrazone  are  0.4747  for  p-oxy  benzaldehyde;  0.50188  for  anisic 
aldehyde,  and  0.5353  for  vanillin. 


TABLE  IV 
Percentage  Results  with  P-nitro  Phenyl  Hydrazine 


Formald 

Benzald 

Sail  cy  laid 

Anisicald 

P-oxy 
Benzald- 

VaniUin^ 

25.67 

98.63 

95.16 

100.25 

101.5 

100.52 

98.62 

95.38 

99.79 

101.09 

100.40 

98.71 

95.36 

99.70 

101.82 

100.00 

98.12 

95.42 

100.10 

101.68 

99.77 

99.42 

minimum 
figures 

94.50 

94.63 

99.98 
99.85 

The  hydrazones  formed  with  p-nitro  phenyl  hydrazine  are  on 
the  whole  less  soluble  and  better  formed  physically  than  those 

^Experiments  on  this  point  are  still  in  progress. 
^See  text  preceding  page. 
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obtained  with    the  p-brom  compound.     It  is  therefore  possible 
to  get  better  results  with  it  than  with  the  brom  derivative. 


TABLE  V 

Comparison  of  the  Results  by  the  Different  Methods  on 
Formaldehyde,  Benzaldehyde  and  Vanillin 


Iodine 

Bi- 
sulphite 

Neutral 
Sulphite 

p-brom 
ph.hydraz 

p-nitro 
ph.hydraz 

Alkali- 
metric^ 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

Formalde- 
hyde 

33.86 
average 

33.34 

average 

33.32 
average 

about 
26 

99.06 
average 

Benzalde- 
hyde 

93-95 

98.52 
average 

about 
93 

98.70 
average 

VaniUin 

about 
95.5 
average 

about 

95.5 

average 

see  text 

99.03 
average 

about 
100 

see  text 

'The  Wellman  method  for  determining  vanillin  by  titrating  with  alcoholic 
potash.     Pharm.  Ztg.  '98,  634: 

One  gram  of  vanillin  is  introduced  into  a  200  cc.  stoppered  flask  and  25  cc. 
alcohol  and  25  cc.  half  normal  alcoholic  potash  added;  the  excess  of  alkali  is 
titrated  with  half  normal  acid  and  phenolphthalein.  The  strength  of  the 
alcoholic  potash  with  the  addition  of  alcohol  is  first  determined,  and  the 
difference  between  the  two  titrations  multiplied  by  0.076  gives  the  weight  of 
vanillin. 

CHs.OCHa.COH.OH+KOH^CeHa.OCHs.COH.OK+H.O 


(Resume) 

INFLUENCE    DE    L'HYDROGENE   SULFURE    SUE    LA 
PRECIPITATION    QUANTITATIVE    DE    CER- 
TAINS   HYDROXYDES    PAR    L'HYPO- 
SULFITE  DE  SODIUM 

Par  Dr.  R.  Hac 

Prague,  Bohemia 

La  methode  Chancel,  dans  laquelle  la  precipitation  des  sels 
d'alumine  par  I'hyposulfite  de  sodium  devait  etre  utilisee  pour  le 
dosage  et  la  separation  de  raluminium,  n'a  pas  eu  de  succes.  II 
n'est  pas  meme  possible  de  precipiter  d'une  maniere  quantitative 
les  sels  d'aluminium  seuls;  c'est  pourquoi  les  experiences  qui 
avaient  pour  but  la  separation  exacte  du  fer  de  I'aluminium  et  de 
celui-ci  du  glucinium  ont  fourni  des  resultats  absolument  inexactes. 
Malgre  cela  on  voit  apparaitre  dans  la  litt^rature  chimique  des 
methodes  pour  la  separation  du  fer  et  de  raluminium,  qui  ne  sont 
que  des  modifications  de  la  maniere  de  travailler  indiquee  par 
Chancel. 

En  appliquant  cette  methode,  dont  la  base  theorique  est  le  degre 
different  d'hydrolyse  de  ces  deux  sels  metalliques,  on  doit  neces- 
sairement  tenir  compte  de  I'acide  sulfureux,  qui  se  forme  par  la 
decomposition  de  I'hyposulfite,  ainsi  que  des  proprietes  des  sulfites 
des  metaux  en  question. 

D'une  maniere  generale  les  solutions  aqueuses  des  sulfites  de 
metaux  plus  electropositifs  se  decomposent  moins  facilement  et  la 
separation  quantitative  de  certains  hydroxydes  depend  de  I'elim- 
ination  parfaite  de  I'oxyde  sulfureux  d'une  solution  donnee. 

Par  I'ebulhtion  seule  I'oxyde  sulfureux  n'est  elimin6  que  bien 
difficilement,  bien  rapidement  au  contraire  iorsqu'on  fait  passer 
dans  le  hquide  bouillant  un  courant  d'hydrogene  sulfure. 

1.  Des  solutions  diluees  de  sels  d'alumine,  maintenues  en  ebul- 
lition et  saturees  d'hydrogene  sulfure,  I'aluminium  se  separe  dej^ 
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au  bout  d'une  demi-heure;  a  une  temperature  inf^rieure,  c'est  a 
dire  de  90  a  98°  C,  cette  separation  n'est  terminee  qu'au  bout  de 
trois  heures. 

2.  Les  solutions  de  sels  ferreux  sont  precipit^es  k  I'ebullition  par 
Taction  de  I'hydrogene  sulfure. 

3.  Les  solutions  des  sels  de  glucinium  ne  se  precipitent  pas 
lorsqu'on  les  fait  bouillir  avec  une  solution  d'hyposulfite  de  sodium. 
Par  contre  il  y  a  separation  quantitative  lorsqu'on  y  fait  passer  en 
m^me  temps  de  I'hydrogene  sulfure  pendant  au  moins  deux  heures. 

4.  Les  solutions  des  sels  de  thorium  sont  precipit^es,  comme  on 
le  salt,  d'une,  fagon  quantitative  par  une  ebullition  avec  I'hyposul- 
fite  de  sodium  seul. 

5.  Les  solutions  des  sels  c6riques  (par  ex.  CeCls)  ne  donnent  pas 
de  pr^cipite  par  rebulHtion  avec  I'hyposulfite  de  sodium.  L'action 
simultan^e  de  I'hydrogene  sulfure  ne  change  pas  sensiblement  cet 
r^sultat,  vu  qu'il  se  forme  un  precipite  n^gUgeable. 

II  s'en  suit  que  de  cette  simple  fagon  il  est  possible  de  precipiter 
Taluminium  quantitativement  de  ses  sels,  mais  que  Ton  ne  pent  pas 
se  servir  de  cette  reaction  pour  la  separation  quantitative  de  Talu- 
minium d'avec  le  fer  et  le  glucinium.  II  en  est  de  meme  pour  la 
separation  du  thorium  et  du  cerium  par  la  methode  Chancel. 


ACCELERATION    CATALYTIQUE    DE    LA    REDUCTION 
DES  NITRATES   PAR  LA  METHODS   SCHLOESING 

Par  Dr.  R.  Hac 

Laboratoire  de  chimie  analytique  (prof.  T.  Hanus)  de  VEcole 
polytechnique  tch^que  de  Prague  (Boheme.) 

Lors  du  dosage  de  I'acide  nitrique  dans  les  precipites  phospbo- 
molybdiques  j'ai  observe  un  degagement  tres  vif  deNO,  lorsqu'on 
faisait  bouillir  le  liquide  apres  la  reduction.  En  travaillant  de 
cette  maniere  I'operation  exigeait  bien  moins  de  temps  que  lors  du 
dosage  de  I'acide  nitrique  dans  d'autres  substances.  Des  exper- 
iences ulterieures  ont  demontre  qu'il  faut  attribuer  cette  accelera- 
tion a  I'influence  des  combinaisons  molybd^niques  qui  s'etaient 
formees  par  Taction  r^ductrice  du  FeCl2  sur  I'acide  molybdique. 

Pour  cette  raison  j'ai  fait  une  serie  d'exp6riences  ayant  pour  but 
d'^tablir  la  proportion  dans  laquelle  cette  acceleration  s'effectue 
et  de  constater  s'il  on  obtient  ce  resultat  seulement  avec  des  com- 
poses de  molybdene  oil  encore  en  employ  ant  des  combinaisons 
d'autres  elements  analogues. 

Dans  la  reaction  non  catalysee  le  gaz  NO  se  d^gage  lentement  et 
en  petites  bulles,  tandis  qu'avec  I'emploi  de  M0O3  comme  cataly- 
seur  il  y  a  formation  quasi  instantanee  de  grandes  bulles  du  dit  gaz 
et  il  n'est  gu^re  necessaire  d'^vaporer  le  liquide  pour  le  chasser 
entierement. 

Pour  evaluer  I'effet  catalyseur  du  M0O3,  je  me  suis  servi  d'un 
appareil  permettant  de  mesurer,  dans  des  conditions  egales,  ie 
volume  de  NO  degage  d'un  cote  par  le  FeCl2  seul  et  de  I'autre  en 
presence  de  M0O3. 

L'addition  de  WO3,  V2O5,  UsOg,  KaCrgOr,  HaPtCle,  MnCla  et  TiOz 
au  FeCl2  n'a  produit  aucun  effet  catalyseur  sur  la  reduction  de 
I'acide  nitrique. 

Les  produits  que  I'on  obtient  en  r^duisant  par  le  zinc  les  acides 
H2M0O4,  H2WO4,  H4Ti04  et  les  sels  uranyliques  reduisent,  comme 
on  le  sait,  I'acide  nitrique.  Cette  reduction,  comme  j'ai  pu  con- 
stater, ne  donne  toutefois  jamais  un  rendement  theorique  de  NO. 
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Avant  tout  j'ai  fixe  mon  attention  sur  les  sels  correspondants 
aux  oxydes  M02O3  et  Ti203.  Dans  le  premier  cas,  la  majeure  partie 
(environ  75%  dans  mes  essais)  de  I'acide  nitrique  est  reduite  en 
ammoniaque,  dans  le  second  il  se  forme  NO,  mais  le  rendement 
n'est  pas  quantitatif . 

Par  centre,  en  combinant  le  FeCU  avec  le  M0O3,  il  y  a  dans  tous 
les  cas  reduction  quantitative  de  I'acide  nitrique  en  NO. 

Remarques  sur  le  dosage  de  I'acide  nitrique. 

On  place  la  solution,  dans  laquelle  on  veut  doser  les  nitrates, 
dans  un  ballon,  on  Tadditione  d'environ  0.2  g  de  Na2Mo04  oii  0.1  g 
de  M0O3.  On  fait  bouillir  le  liquide  afin  d'en  chasser  I'air.  Apres 
y  avoir  introduit  le  chlorure  ferreux  et  I'acide  chlorhydrique  on 
maintient  le  melange  pendant  cinq  minutes  a  la  temperature  du 
bain-marie.  Puis  on  distille  et  recueille  I'oxyde  NO  sur  mercure. 
La  petite  quantite  d'acide  chlorhydrique,  entraine  est  eUmine  par 
I'introduction  d'un  peu  de  potasse  caustique  dans  la  burette.  On 
fait  la  lecture  au  bout  d'une  demi-heure  jusqu'a  une  heure  et  Ton 
calcule  avec  le  volume  lu  directement.  Le  gaz  NO  est  pratique- 
ment  pur. 

0.1015g  KNO3  ont  fourni:  22.62  cm^  de  NO  (pour  conditions  normales), 

calcul6:  22.47  cm^  de  NO;  difference:    +0.15  cm^; 

0.1023g  KNOa  ont  fourni:  22.78  cm^  de  NO  (pour  conditions  normales), 

calcuI6:  22.63  cm^  de  NO;  diff6renne:    +0.15  cm^; 

0.0730g  KNO3  ont  fourni:  16.28  cm^  de  NO   (pour  conditions  normales), 

calculi:  16.16  cm^  de  NO;  difference:    +0.12  cm^. 

ont  donn6  de  NO:  trouv6:         difference: 

0.0920g  KNO3.  20.46  cm^  (p.  cond.  norm.),  0.0921g  KNO3,    +0.0001g 

0.0990g  KNO3,  21.81  (p.  cond.  norm.),  0.0985g  KNO3,  — O.OOOSg 

Te  me  reserve  d'etudier  la  reduction  de  I'acide  nitrique  par 
d'autres  substances  reductrices  en  presence  de  differents  corps 
catalyseurs. 


(Resume) 

L'EMPLOI  DE  L'HYDRAZINE  ET  DE  CERTAINS  DE  CES 
DERIVES  POUR  LE  DOSAGE  PONDERAL  DU  CHROME 

Tos.  Hanus  et  T.  Lukas 
Lahoratoire  de  chimie  analytique  a  I'ecole  polytechnique  tcheque  de 

Prague,  Boheme 

La  reaction  de  I'hydrate  d'hydrazine  et  de  ces  sels  avec  les 
chromates  alcalins  a  ete  etudie  exclusivement  pour  des  solutions 
acides.  Elle  sert  surtout  pour  le  dosage  volumetrique  des  deux 
substances  en  question  dans  lequel  on  mesure  le  volume  de  I'azote 
mis  en  liberte. 

Nous  avons  trov6  que  cette  reaction  se  prete  egalement  au  dosage 
ponderal  du  chrome,  lorsque  ce  dernier  se  trouve  dans  la  solution 
aqueuse  sous  forme  de  I'anion  Cr04"  et  que  le  milieu  est  alcalin  ou 
sensiblement  neutre.  La  reaction  s'effectue  d'abord  dans  le  meme 
sens  qu'en  milieu  acide,  c'est-a-dire  d'apres  le  schema. 

4  CrOr  +3  N2H,  •+17H-  =  4Cr '  •  *  +I6H2O 

De  la  solution  de  sel  chromique  ainsi  forme  le  chrome  se  s^pare 
quantitativement  comme  Cr(0H)3,  si  Ton  semplit  certaines  con- 
ditions, qui  se  rapportent  a  la  proportion  relative  des  corps  re- 
agissants,  au  temps  de  I'ebuUition  et  a  la  presence  des  certains 
corps  catalyseurs.  L'hydrate  de  chrome  se  precipite  des  solutions 
des  chromates  acalins  non  seulement  par  l'hydrate  d'hydrazine, 
(lequel  precipite  les  sels  chromiques,  deja  par  suite  de  sa  basicite) 
mais  encore  par  le  sulfate  d'hydrazine,  (qui  ne  precipite  pas  les  sels 
chromiques)  et  par  certains  derives  de  I'hydrazine  de  nature  basique 
ou  neutre.  Nous  avons  en  effet  pu  constater  que  la  phenylhydra- 
zine  et  la  thiosemicarbazide  reduisent  les  chromates  en  sels  chro- 
miques et  en  precipitent  en  meme  temps  l'hydrate  chromique. 

Nous  faisons  remarquer  que  la  precipitation  par  I'hydrazine  et 
les  derives  hydraziniques  citees  plus  haut  est  assez  lente  et  pent 
exiger  plusieures  heures  et  meme  davantage.    La  raison  en  est  que 
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I'hydroxyde  chromique  est  de  nature  colloide.  Si  toutefois  on  addi- 
tione  la  solution  a  pr^cipiter  de  certains  sels — le  chlorine  d'ammon- 
ium  convient  le  mieux, — la  precipitation  est  quantitative  et  quasi 
instantan^e.  L'influence  favorable  du  NH4CI  apparait  le  plus  nette- 
ment  lors  de  la  reaction  entre  I'ion  Cr04    et  la  thiosemicarbazide. 

Des  experiences  faites  avec  I'hydrate  d'hydrazine  et  le  sulfate 
d'hydrazine  nous  ont  montre  qu'une  separation  quantitative 
d'hydroxyde  chromique  n'a  lieu  que  quand  il  y  a  certaines  propor- 
tions entre  le  reactif  et  sel  a  precipiter  let  convenient  n'apparait 
pas  dans  le  cas  de  la  thiosemicarbazide,  vu  qu'un  exces  de  celle-ci-si 
grand  qu'il  fut — n'exerce  aucune  influence  defavorable  sur  la  pre- 
cision du  r^sultat. 

Voici  maintenant  de  quelle  fagon  il  faut  procMer  pour  le  dosage 
du  chrome  au  moyen  de  la  thiosemicarbazide.  A  la  solution  neutre 
de  chromate  on  ajoute  un  exces  de  NH4CI  (sur  un  molecule  de 
chromate  au  moins  cinque  molecules  de  sel  d'ammonium),  puis  on 
additione  le  liquide  de  thiosemicarbazide  on  exc^s  et  porte  k  I'ebul- 
lition.  La  precipite  d'hydroxyde  de  chrome  qui  se  depose  rapide- 
ment,  est  mis  sur  filtre  etc.  Nous  n'avons  pas  besoin  d'ajouter  que 
le  liquide  filtre  doit  etre  liquide  et  incolore. 

La  methode  que  nous  venons  de  decrire  convient  surtout  pour 
le  dosage  du  chrome  a  cote  du  fer  et  de  I'aluminium.  La  solution 
contenant  des  sels  de  fer,  d'aluminium  et  de  chrome  est  additionee 
d'amoniaque  et  exydee  par  I'eau  oxygenee.  Dans  les  cas  oil  la 
proportion  du  sel  chromique  dans  le  melange  serait  considerable  on 
est  oblige  de  repeter  cette  operation. 

On  separe  des  precipites  d'hydroxyde  ferrique  et  d'aluminium 
par  filtration,  neutralise  le  liquide  filtre  par  d'acide  chlorhydrique, 
et  traite  le  chromate  forme  pa  la  thiosemicarbazide.  Cette  methode 
est  plus  rapide  et  precise  que  les  methodes  volumetriques 
usuelles.  Nous  la  recomendons  surtout  pour  1' analyse  du  chrome 
dans  la  chromite  et  le  ferrochrome. 

Pour  montrer  au  lecteur  I'exatitude  de  notre  methode,  voici 
quelques  chiffres: 
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Resultats  obtenus: 


(a)  avec  V hydrate  dliydrazitie: 


Post^  g  Cr 

Trouve  g  Cr 

Difft5rence  g  Cr 

p.  100 

0.01355g 

0.04059g 

0.0()7()4g 

O.lOSlg 

0.13514g 

0.01352g 

0.04055g 

0.06759g 

O.lOSlg 

0.13517g 

+0.00003g 

+0.00004g 

0.00005g 

±5 

— 0.00003g 

100.22 
100.09 
100.07 
100. 
99.98 

(6)  avec  le  sulfate  d' hydrazine: 

Pes(?  g  Cr 

Trouve  g  Cr 

Difference  g  Cr 

— 0.00012g 

±5 

— 0.0001  Ig 

0.00017 

0.00023 

P.  100 

0.06474g 

O.OSllg 

0.09221g 

0.11337g 

0.14575g 

0.064S8g 

O.OSllg 

0.09232g 

0.113ri4u 

0.1459Sii 

99.82 
100. 
99.SS 
99.85 
99.84 

(c)  avec  la  thios^micarhazide: 

Pes4  g  Cr 

Trouvo  g  Cl 

Difference  g  Cr 

P.  100 

0.0159g 
0.0795g 
O.llUg 
0.1275g 
O.USlg 

0.0159g 
0.0796g 
O.llUg 
0.1273g 
0.1432g 

±5g 
—O.OOOlg 

±5 
+0.0002g 
—O.OOOlg 

100. 

99.SS 
100. 
100.16 

99.93 

Separation  de  raluminium  et  du  chrome  (precipit^  avec  la 
thiosi'  mica  rbazide) : 


Tes6  g 

AlsOa 

Pes(?  g 
Cr,0, 

TrouV(^ 
gAl.03 

Trouv^ 
g  CrsOa 

Difference 

P.  100 

g  AU  0, 

g  CrsO, 

A1,0, 

Cr,03 

0.0559g 
0.093lig 
0.1304g 
0.1G77i!; 
O.OlSSg 

0.1575g 
0.1124g 
0.007Ssj: 
0.0225g 
0.202Sg 

0.0560g 
0.0933g 
0.1307g 
O.lOSOg 
0.0187i 

0.1578g 
0.1127g 
0.0077g 
0.022og 
0.2029g 

—O.OOOlg 
+0.0003g 
— O.OOOSg 
— O.ooo:^ 

+0.0001 1; 

— 0.0003g 

— 0.0003g 

+0.0001g 

5 

O.OOOlg 

99.81 

100.32 

99.77 

99.82 

100.53 

99.81 
99.73 

100.15 

100. 
99.94 
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Separation  du  fer  d'avec  le  chrome  (Precipite  pa  la 
thiosemicarbazide) 


Fes6 
g  Fe203 

P.^s'i 
g  Cr203 

Trouve 
g  FeaOs 

Trouve 
g  Cr203 

Difference 

P.  100 

g  Fe203 

+0.0002g 
+0.0001g 
+0.0001g 
— 0.0004g 

g  CroOs 

FesOs 

Cr203 

0.0630g 
0.1048g 

0.1885g 
0.1888g 

0.1582g 
0.1125g 
0.0224g 
0.0225g 

0.0828£r 
0.1047i 
0.1884g 
0.1884 

0.1578g 
0.1127g 
0.0225g 
0.0225g 

+0.0004g 

—0.0002 

—0.0001 

±5 

100.31 

100.10 

100.08 

99.79 

100.24 
99.82 
99.56 

100. 

3UR  UNE  MODIFICATION   DU  PROCEDE  DE  MARSH 
POUR  LE  DOSAGE  DE  L' ARSENIC 

Par  M.  Alexandre  Hebert,  Paris 


I 

Jusqu'ici  pour  doser  rarsenic  en  tres  petite  quantite  ou  a  Tetat 
ie  traces,  les  chimistes  ont  toujours  eu  recours  a  la  methode 
:3lassique  de  Marsh.  Ce  precede,  dans  ces  dernieres  annees,  a  ete 
perfectionne  dans  tons  ses  details  par  M.  Armand  Gautier  et  par 
M.  Gabriel  Bertrand  qui  sont  arrives  a  pousser  sa  sensibilite  a  un 
point  tel  que  Ton  pent  deceler  jusqu'a  un  quart  de  millieme  de 
milligramme  d'arsenic.  Dans  ces  procedes,  I'hydrogene  est 
aroduit  par  la  reaction  de  I'acide  sulfurique  sur  le  zinc  et  la  sensi- 
Dilite  qu'on  leur  demande  exige,  non  seulement  la  purete  absolue, 
m  point  de  vue  de  I'arsenic,  de  I'acide  employe,  mais  aussi  celle 
iu  zinc  et  des  autres  adjuvants  employes  a  la  production  de 
'hydrogene. 

Or,  pour  executer  divers  dosages  d'antimoine,  nous  avons  eu 
occasion  de  mettre  en  oeuvre  un  procede  assez  peu  repandu,  du  a 
Van  Bylert^  base  sur  la  decomposition  facile  d'hydrogene 
mtimoine  et  destine,  dans  I'idee  de  son  auteur,  a  determiner 
.'antimoine  dans  un  alliage.  II  consiste  en  principe  a  amalgamer 
I'abord  I'alliage  avec  un  grand  exces  de  mercure.  Cet  amalgame 
iquide  etait  introduit  dans  un  appareil  monte  comme  celui  de 
Marsh,  au  contact  d'acide  sulfurique  etendu;  I'attaque  de  I'anti- 
noine  n'a  pas  lieu  dans  ces  conditions.  Mais  si  Ton  ajoute,  dans 
'appareil,  de  I'amalgame  de  sodium,  il  se  fait  par  double  decom- 
position de  I'antimoniure  de  sodium  qui,  au  contact  de  I'eau 
icidulee,  degage  une  quantite  equivalente  d'hydrogene  antimonie. 
L'auteur  indique  d'ailleurs  que  sa  methode  n'est  pas  parfaite  et 
:iu'une  petite  portion  de  I'antimoine  echappe  a  la  reaction;  il 
ionne  un  mode  operatoire  a  suivre  pour  la  recuperer. 

iBer.  d.  deustch.  chem.  gesellsch.  1890  p.  2968. 
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{Contribution  from  the  John  Harrison  Laboratory  of  the 
University  of  Pennsylvania) 


THE   RAPID  DETERMINATION  OF   MAGNESIA  IN 
LIMESTONE  BY  MEANS  OF  THE  HYDROGEN 
ELECTRODE 

By  Joel  H.  Hildebrand  and  Herbert  S,  Harned 

The  detrimental  effect  of  magnesia  in  mortar  and  cement  makes 
its  estimation  in  limestone  a  matter  of  considerable  importance. 
Unfortunately,  however,  the  ordinary  method  of  determining 
magnesium  in  the  presence  of  calcium  has  required  the  preliminary 
precipitation  of  the  iron,  calcium,  etc.,  before  the  separation  of 
the  magnesium.  The  skill  and  experience  necessary  to  make  a 
good  separation  of  calcium  and  magnesium,  and  the  time  neces- 
sary to  complete  both  of  these  precipitations  are  disadvantages 
which  the  user  of  lime  would  doubtless  often  be  glad  to  overcome. 
The  method  here  described  allows  the  determination  of  magnesia 
in  Hmestone  with  an  accuracy  more  than  adequate  for  all  technical 
purposes,  and  in  a  very  short  time. 

PRINCIPLE   OF   THE   METHOD 

If  hydroxyl  ions  are  added  to  a  solution  containing  both  calcium 
and  magnesium  ions,  the  smaller  solubihty  of  magnesium  hydrox- 
ide causes  it  to  be  precipitated  before  calcium  hydroxide,  and  a 
smaller  concentration  of  hydroxyl  is  necessary  to  precipitate  the 
former  than  the  latter.  Furthermore,  as  long  as  magnesium 
ions  are  present  in  the  solution  to  any  extent  the  concentration 
of  the  hydroxyl  ions  cannot  increase  very  much,  as  the  latter  are 
attacked  and  precipitated  by  the  former.  As  soon,  however,  as 
the  magnesium  ions  are  practically  all  removed  from  the  solution, 
the  concentration  of  the  hydroxyl  ions  can  then  increase  to  a 
value  sufficient  to  begin  to  precipitate  the  calcium  ions  present. 

Now  this  increase  in  the  concentration  of  the  hydroxyl  ions 
is  quite  sufficient,  if  it  can  be  measured,  to  furnish  an  endpoint  for 
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the  titration  of  magnesium  in  the  presence  of  calcium.  Instead, 
however,  of  measuring  the  hydroxyl-ion  concentration,  we  may- 
just  as  well  measure  that  of  the  hydrogen  ions,  which  is  connected 
with  the  former  by  the  relation  derived  from  the  ionization  of 
water,  that 

[H+]  [0H-]  =constant 
where  the  value  of  the  constant  is  approximately  10-  ^*  at  20°,  and 
the  brackets  denote  the  concentration  of  the  enclosed  ions.     An 
increase  in  [0H~]  through  a  power  of  ten  would  thus  be  accom- 
panied by  a  decrease  in  [H"*"]  likewise  through  a  power  of  ten. 

The  concentration  of  the  hydrogen  ion  (or  hydrion)  can  be 
easily  measured  by  means  of  the  hydrogen  electrode.  The  use 
of  the  hydrogen  electrode  in  titration  was  first  suggested  by 
Bottger^  in  connection  with  the  ordinary  neutralization  of  acids 
and  bases.  So  far  as  we  are  aware  it  has  not  been  used  in  a  re- 
action of  the  type  to  which  it  is  here  applied.  Furthermore,  the 
use  of  a  potentiometer  to  determine  the  e.  m.  f.  of  the  electrode, 
and  the  calculation  thereby  involved,  have  made  any  electro- 
metric  method  seem  to  the  analyst  too  impractical  to  be  anything 
more  than  an  interesting  curiosity.  To  avoid  this  difficulty  we 
have  made  use  of  a  voltmeter  instead  of  a  potentiometer,  as 
Sand^  has  done  in  his  apparatus  for  separation  of  the  metals  by 
means  of  graded  potential.  A  rather  laborious  and  time-consum- 
ing task  to  the  analyst  is  thus  made  quite  rapid  and  simple.  It 
is  not  necessary,  for  this  purpose  even,  to  calculate  the  hydrion 
concentration  from  the  e.  m.  f.,  but  merely  to  plot  the  latter  against 
the  alkah  added. 

APPARATUS 

The  hydrogen  electrode  devised  for  this  purpose  is  shown  in 
Fig.  1.  A  platinum  foil  8  x  25  mm.  is  welded  to  a  short  piece  of 
platinum  wire,  which  is  in  turn  fused  to  a  stiff  copper  wire.  The 
latter  is  thrust  into  a  glass  tube  just  wide  enough  to  receive  it, 
which  is  fused  around  the  platinum  wire  just  above  the  foil.  The 
copper  wire  is  fastened  in  the  tube  at  the  top  with  marine  glue. 
This  electrode  is  surrounded  by  a  slightly  wider  tube  having  a 
side  arm  near  the  top  for  the  admission  of  hydrogen,  and  a  bell- 

1  Zeit.  phys.  Chem.,  ^,  253  (1897). 

2  J.  Chem.  Soc,  91,  374  (1907). 
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Figure  1 


shaped  enlargement  at  the  bottom  to  protect  the  electrode  and  to 
confine  the  hydrogen  which  must  bathe  the  upper  half  of  the  foil. 
A  wide  notch  is  cut  in  the  bottom  of  the  bell  to  allow  the  liquid 
to  rise  enough  to  cover  the  lower  half  of  the  foil.  After  adjusting 
the  inner  tube  carrying  the  electrode  to  the  proper  height  it  is 
fastened  to  the  outer  by  means  of  marine  glue.  The  platinum 
foil  has  been  previously  bent  into  an  S-shape  so  as  to  pass  into  the 
bell.  This  arrangement  of  the  foil  exposes  a  sufficient  line  of 
contact  between  solution  —  platinum  —  hydrogen  to  prevent  the 
electrode  from  becoming  unsaturated  by  the  currents  hkely  to 
be  taken  from  it.     Before  use  the  electrode  must  be  covered  with 
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platinum  black  by  the  usual  process.^  This  platinizing  should 
be  repeated  after  some  dozens  of  titrations  in  order  to  secure  the 
most  satisfactory  readings. 

The  arrangement  of  the  rest  of  the  apparatus  is  shown  in  Fig.  2. 
C  is  a  calomel  electrode  which  furnishes  a  constant  potential  to 
compare  with  the  hydrogen  electrode  h.  The  latter  and  the 
siphon  from  the  former  dip  into  the  solution  to  be  titrated  con- 
tained in  the  beaker.     The  potential  of  the  cell  thus  formed  from 

'For  this  as  well  as  other  information  concerning  the  principles  and  use  of 
the  various  pieces  of  apparatus  described  later,  see  works  on  physical-chemistry, 
such  as  Ostwald-Luther,  Physiko-Chemische  Messungen;  or  Findlay,  Practical 
Physical  Chemistry. 
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the  two  electrodes  is  a  measure  of  the  hydrion  concentration  in 
the  solution,  and  is  determined  by  balancing  against  it  an  exactly 
equal  potential  which  is  read  to  0.01  volt  on  the  voltmeter,  V. 
This  adjustable  potential  is  gotten  by  shunting  off  a  variable 
proportion,  a-s,  of  the  total  fall  of  potential  given  by  the  battery, 
B,  through  the  resistance,  a-h.  When  the  resistance  a-s  is  ad- 
justed so  that  the  fall  of  potential  from  a  to  s  is  equal  to  the  e.  m.  f. 
of  the  combined  electrodes  h-C,  then,  on  pressing  the  key,  K, 
there  is  no  flow  of  current  in  the  corresponding  circuit,  as  shown 
by  the  electrometer  or  galvanometer  at  E.  The  measurement 
consists,  therefore,  in  shding  s  along  until,  on  pressing  the  key, 
there  is  no  deflection  at  E.     The  potential  is  then  read  at  V. 

Since  the  potentials  used  range  up  to  one  volt  the  battery 
B  may  be  any  fairly  constant  cell,  such  as  a  storage,  dry,  sal- 
ammoniac,  or  gravity  battery.  If  a  lead  accumulator  is  used  it 
is  better  to  put  in  series  with  it  a  resistance  approximately  equal 
to  a-h,  so  that  the  fall  of  potential  through  the  latter  shall  be 
about  one  volt,  and  its  whole  length  may  be  utilized.  The 
resistance  a-h  may  be  an  ordinary  sHding  rheostat  of  sufficient 
number  of  turns  to  admit  of  adjustment  of  the  voltmeter  to  0.01 
volt.  An  ordinary  bridge  wire  such  as  is  used  in  Wheatstone 
bridge  measurements  will  answer  quite  well,  although  its  resistance 
should  be  sufficient  to  prevent  the  battery  from  too  rapid  discharge. 

The  voltmeter  should  have  a  range  of  at  least  one  volt,  and 
should  be  readable  to  0.01  volt,  a  greater  accuracy  not  being 
necessary  for  this  purpose. 

The  Lippmaim  electrometer  is  less  expensive  and  in  some  re- 
spects more  satisfactory  as  a  zero  indicator  at  E  than  a  galva- 
nometer, although  the  former  may  require  some  attention  to  keep 
in  order.  It  has  the  advantage  that  it  is  practically  a  static 
instrument,  thus  not  discharging  the  hydrogen  electrode,  and 
allowing  the  stopcock  (not  greased)  of  the  calomel  electrode  to 
remain  closed  during  measurements,  and  therefore  preventing  the 
solution  in  the  beaker  from  diffusing  into  the  siphon-arm  of  the 
electrode.  As  noted  in  the  figure,  the  electrometer  must  be  short- 
circuited  between  each  observation  by  suitable  connection  at  the 
key. 
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Figure  3 


MANIPULATION 

The  apparatus  being  assembled  as  just  described,  the  hydrogen 
electrode  is  placed  in  a  beaker  of  water  and  hydrogen  passed  in 
so  that  the  platinum  will  become  saturated  with  the  gas  and  it 
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will  ]h)  all  ready  for  use  as  soon  as  the  sample  is  prepared.  The 
hydrogen  should  b(!  waslied,  say  through  alkaline  permanganate, 
hut  not  dried.  From  ten  to  fifteen  minutes  should  suffice  to  satu- 
rate the  electrode  with  the  hydrogen,  altliough  tlu;  time  varies 
somewhat  witli  th(!  character  of  the  platimim-hlack  deposit. 

The  sampl(!  of  hmestone  is  now  weighed  out,  the  quantity  de- 
pending ui)on  th(!  magnesia  content  and  the  accuracy  desired. 
The  accuracy  with  which  th(i  endpoint  of  tlui  titration  can  be 
determined  is  about  0.02  cc,  using  normal  alkaU,  which  corre- 
sponds to  0.004  gr.  MgO,  so  that  a  sam[)le  containing  ai)out  0.4 
gram  MgO,  and  requiring  20  cc.  for  its  precipitation,  could  have 
its  magnesia  content  determined  with  an  accuracy  of  0.01  of  itself. 
Greater  accuracy  is,  of  course,  offset  by  slightly  greater  time,  so 
that  the  amount  of  sample  must  be  determined  according  to  the 
conditions. 

The  sample  having  been  weighed  out  (with  an  accuracy  of  one 
per  cent  of  itself),  it  is  transferred  to  a  small  round-jjottomed 
flask,  sufficient  hydrochloric  acid  added  to  effect  its  solution,  and 
the  last  traces  of  carbon  dioxide  expellcKl  by  boiling  for  a  few 
moments  under  reduced  pressure  by  attaching  to  a  filt(;r  pump,  a 
safety  trap  being  inserted.  As  soon  as  solution  is  complete  and 
all  the  carbon  dioxide  expelled,  the  contc^nts  of  the  flask  are  washed 
out  into  a  beaker  for  titration.  The  gangue  need  not  be  removed 
as  it  does  not  interfere  with  the  titration. 

The  hydrog(>n  ele<!trode  and  the  si]ihon  of  the  calomel  electrode 
are  luixt  inserted  into  the  solution  and  the  titration  begun.  A 
moment  is  necessary  for  the  readings  to  become  constant,  due  to 
the  momentary  c-ontact  of  the  hydrogen  electrode  with  the  air. 
The  normal  alkali  (which  must  be  free  from  carbonate  by  the 
presence  of  a  small  amount  of  barium  hydroxide)  is  added,  at 
first  several  cc.  at  a  time  until  the  e.  m.  f.  begins  to  increase.  The 
readings  of  e.  m.  f.  should  i)e  plotted  directly  as  taken  on  cross- 
section  paper.  The  course  of  a  typical  curve  is  given  in  Fig.  3. 
As  soon  as  the  free  hydrochloric  acid  is  neutralizcsd,  the  e.  m.  f. 
rises  rapidly,  due  to  the  rapid  increase  in  the  hydroxyl  ion  con- 
centration. Any  iron  present  is  precipitated  along  this  portion 
of  th(!  curve.  As  soon  as  the  hydroxyl  ion  concentration  is  suffi- 
cient to  precipitate  magnesium  ions,  the  latter  remove  the  former 
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as  fast  as  added,  so  that  the  e.  m.  f.  remains  nearly  constant,  as 
shown  by  the  curve.  When  the  magnesium  is  practically  all 
precipitated  a  further  rise  in  potential  is  observed.  The  point  of 
inflection  of  this  portion  of  the  curve,  along  which  readings  should 
be  made  every  0.2  cc,  is  taken  as  the  endpoint  of  the  reaction. 

RESULTS 

The  results  obtained  are  given  in  Tables  I  and  II.  Those  in 
Table  I  represent  the  first  quantitative  experiments  made,  so  it 
is  evident  that  no  special  experience  is  necessary  beyond  an  under- 
standing of  the  manipulation.  The  rst  four  analyses  in  Table  II 
were  done  simultaneously.  Each  sample  was  weighed  out  and 
its  solution  started,  successively,  so  that  by  the  time  the  fourth 
was  done  the  first  was  ready  for  titration.  The  time  required, 
two  and  one-half  hours,  includes  the  entire  time  from  the  weighing 
of  the  samples  to  the  final  calculation  of  the  results.  The  next  two 
determinations  were  made  with  larger  samples,  and  no  great  effort 
for  speed  was  put  forth. 

The  time  might  be  still  further  reduced  by  determining  the 
beginning  of  the  precipitation  of  the  magnesium  by  having  phe- 
nolphthalein  present,  and  using  the  e.  m.  f.  only  to  give  the  end- 
point.  Phenolphthalein  changes  color  at  a  hydroxyl-ion  concentra- 
tion just  a  little  less  than  that  required  to  precipitate  magnesium 
hydroxide,  so  that  its  change  could  be  taken  as  the  beginning  with 
a  sKght  time-saving.  The  rise  at  the  end  is  too  gradual  for  any 
indicator  to  give  a  sharp  change  in  color,  so  that  the  point  of 
inflection  of  the  curve  must  remain  as  the  endpoint.  The  work 
had  to  be  interrupted  before  any  data  could  be  secured  to  confirm 
this  suggestion,  although  in  the  above  analyses  methyl-orange 
was  used  to  ascertain  when  to  begin  readings  of  the  e.  m.  f.  This 
indicator  changes  at  a  hydrion  concentration  represented  by  the 
bottom  of  the  curve,  just  as  it  is  about  to  rise.  No  readings  need 
therefore  be  taken  till  methyl-orange  has  changed  color.  The 
prehminary  neutraUzation  of  the  excess  of  acid  used  in  dissolving 
the  sample  is  thus  quickly  effected. 

The  ease  and  speed  with  which  magnesium  can  be  determined 
in  the  presence  of  calcium  by  the  method  here  outlined  will,  we 
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hope,  cause  it  to  prove  of  service  to  the  large  number  of  chemists 
who  are  confronted  by  this  task. 

It  may  be  stated,  in  conclusion,  that  other  data  are  being 
obtained  in  this  laboratory  which  promise  to  make  the  apparatus 
here  described  a  valuable  addition  to  the  laboratory  of  the  analyst 
for  the  solution  of  a  variety  of  analytical  problems. 


TABLE  I 

Wt.  Sample.           cc.  N-NaOH.  Wt.  MgO. 

1.297                    12.1  0.242 

1.297                    12.2  0.244 


%MgO 
18.7 
18.8 


Gravimetric 

18.7S 

TABLE  II 

Wt.  Sample 

cc.  N-NaOH 

Wt.  MgO 

%MgO 

0.524 

5.4 

0.109 

20.8^ 

0.535 

5.4 

0.109 

20.4 

0.471 

4.8 

0.097 

20.6 

0.485 

5.1 

0.103 

21.2' 

2.048 

20.7 

0.418 

20.4^ 

2.012 

20.1 

0.406 

20.2. 

Mean 

20.6 

Time. 
2^  hours 
2  hours 


Gravimetric        20.82 


VOLATILITY    OF  ARSENOUS    CHLORID 

By  J.  I.  D.  Hinds 
Cumberland  University,  Lebanon,  Tennessee 

In  the  qualitative  analysis  of  the  Copper-Arsenic  Group 
we  are  always  cautioned  against  boiling  the  solution  for  fear  of 
losing  arsenous  ion.  In  studying  a  new  method  for  precipitating 
the  ions  of  the  group,  an  account  of  which  is  given  in  the  Journal 
of  the  American  Chemical  Society,  34,811,  I  found  it  desirable 
to  concentrate  the  solution  and  was,  therefore,  led  to  investigate 
the  quantitative  loss  of  arsenous  chlorid  in  the  process.  I  was 
surprised  to  find  that  the  loss  was  quite  small  and  that  it  was  a 
junction  of  the  quantity  of  arsenic  present,  as  well  as  of  the  acid 
concentration  of  the  solution.  The  rate  of  loss  being  very  much 
less  than  that  of  the  concentration,  the  boiUng  could  in  no  case 
lead  to  failure  in  detecting  the  arsenic.  In  boiling  a  solution 
half  away,  the  arsenic  concentration  is  practically  doubled, 
since  the  loss  is  generally  less  than  one  thousandth  of  the  quan- 
tity present.  I  found  that  during  the  evaporation  the  arsenic 
loss  varied  somewhat  with  the  rapidity  of  the  boiling  and  the 
size  of  the  distilling  flask.  No  attempt  was,  therefore,  made  to 
determine  quantities  with  very  great  accuracy.  Stil),  all  things 
considered,  the  results  were  quite  remarkable. 

I  prepared  3  N,  1  N,  0.1  N,  and  0.01  N  solutions  of  a  sodium 
arsenite  which  I  found  by  analysis  to  be  practically  pure  NaAs02, 
the  normal  solution  containing  25  grams  arsenic  to  the  liter. 
From  these  by  dilution  I  obtained  any  desired  concentration. 
The  hydrochloric  acid  concentration  was  varied  from  0.2  N  to 
2  N.  In  most  of  the  operations  the  solution  was  normal  since 
this  was  the  concentration  which  I  desired  to  use  in  the  new 
method  of  analysis. 

The  solutions  were  boiled  in  a  200  cc.  distilling  flask  and  the 
distillates  collected  in  50  cc.  cylinders.  Fragments  of  pumice 
were  used  to  prevent  bumping.  Great  care  was  necessary  here 
because  the  tiniest  drop  thrown  over  contained  more  arsenic  than 
the  whole  distillate.  As  a  further  precaution,  the  flask  was  closed 
with  a  cork  through  which  passed  a  closed  glass  tube  which  ex- 
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tended  the  full  length  of  the  neck  of  the  flask  and  almost  filled 
it.  Generally  50  cc.  of  the  solution  was  used  and  the  distillate 
was  made  up  with  water  to  50  cc.  for  ready  comparison.  In  the 
fractional  distillations  100  cc.  were  used  and  the  distillate  was 
collected  in  10  cc.  portions.  The  concentration  of  the  distillate 
was  determined  by  making  it  0.1  N  in  HCl  (2  drops  to  each  10 
cc),  passing  hydrogen  sulphide  and  comparing  the  cloud  with 
that  of  the  test  solutions  of  known  concentrations. 

The  test  solutions  were  made  by  diluting  the  0.01  N  solution 
in  50  cc.  portions  made  O.IN  in  HCl  (10  drops  of  the  acid  to  10 
cc.  and  then  passing  hydrogen  sulphide.  The  mixture  was  trans- 
ferred to  25  cc.  test  tubes  and  the  comparisons  were  made  after 
the  manner  of  nesslerizing.  These  solutions  ranged  from  0.00001 
N  to  0.005  N  in  arsenic,  the  first  being  the  limit  of  perceptible 
cloud  or  color  and  the  last  furnishing  so  heavy  a  precipitate  that 
comparison  was  difficult. 

Series  1 
Solutions  of  various  concentrations  were  made  containing  5 
cc.  hydrochloric  acid  and  made  up  to  50  cc.  so  that  they  were  about 
normal  in  HCl.  Actually  the  acid  was  a  little  weak  and  the  con- 
centrations were  somewhat  below  normal.  The  solutions  were 
distilled  half  away,  the  distillate  with  10  drops  of  hydrochloric 
acid  made  50  cc.  treated  with  hydrogen  sulphide,  and  then  com- 
pared with  the  test  solutions.     The  results  are  given  in  Table  1. 

TABLE  1 

Acid  concentration  at  the  beginning  N,  at  the  close  2  N.  Con- 
centration of  the  distillate  before  dilution  0.0006  N  in    HCl. 

As  Cone.  Grams  of  As       As  cone,  of  Grams  of  As      Frac.  of  As 


in  the  50  ee. 

distillate. 

in  distil. 

lost. 

0.1  N 

0.125 

0.00020 

N  0.00025 

0.0020 

0.2 

0.25 

0.00025 

0.00032 

0.0013 

0.3 

0.375 

0.00030 

0.000375 

0.0010 

0.4 

0.5 

0.00035 

0.000433 

0.0009 

0.5 

0.625 

0.00040 

0.0005 

0.0008 

0.6 

0.750 

0.00043 

0.00054 

0.0007 

0.7 

0.875 

0.00047 

0.00058 

0.0007 

0.8 

1.0 

0.00050 

0.00063 

0.0006 

1.0 

1.125 

0.00055 

0.00068 

0.0006 
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It  will  be  observed  here  that  as  the  concentration  increases 
the  quantity  of  arsenic  lost  increases,  while  the  fraction  lost  di- 
minishes. The  actual  loss  is  inconsiderable,  while  the  fraction 
lost  varies  from  0.002  to  0.0006,  being  for  all  concentrations 
above  0.3  N  less  than  0.001. 

Series  2 
In  this  series  the  solutions  were  made  2  N  in  HCl,  each  50  cc. 
containing  10  cc.  hydrochloric  acid.  At  the  end  of  the  distillation 
the  residue  was  a  little  below  4  N. 


TABLE 

2 

As 
Cone. 

Grams  of  As 
in  the  50   cc. 

As  cone  of 
distillate. 

Grams  of  As 
in  distil. 

Frac.  of  As 
lost. 

0.1  N 

0.125 

0.0006 

N 

0.00075 

0.006 

0.2 

0.25 

0.0010 

0.00125 

0.005 

0.3 

0.375 

0.0015 

0.00187 

0.005 

0.4 

0.5 

0.0020 

0.0025 

0.005 

0.5 

0.625 

0.0025 

0.00313 

0.005 

0.6 

0.750 

0.0030 

0.00375 

0.005 

0.7 

0.875 

0.0035 

0.00433 

0.005 

0.8 

1.0 

0.004 

0.005 

0.005 

0.9 

1.125 

0.004 

0.005 

0.004 

1.0 

1.25 

0.004 

0.005 

0.004 

In  this  series  the  fraction  of  arsenic  lost  is  almost  constant, 
being  about  one  two-hundredth.  The  acid  concentration,  how- 
ever, is  never  so  high  as  this  in  the  course  of  an  analysis. 

Series  4  and  5 
In  these  series  the  concentration  of  the  arsenic  was  constant 
while  that  of  the  acid  was  varied. 

SERIES  3        TABLE  3  SERIES  4        TABLE  4 

Arsenic  Concentration  0.3  N  Arsenic  Concentration  0.8  N 


Acid 
cone. 

Cone,  of 
dist. 

Frac. lost 

Acid 
cone. 

Cone,  of 
dist. 

Frac.  of  As 
lost. 

0.2  N 

0.00006N 

0.0002 

0.2  N 

0.00009  N 

0.0001 

0.4 

0.00008 

0.0003 

0.4 

0.00015 

0.0002 

0.6 

0.00015 

0.0005 

0.6 

0.00025 

0.0003 

0.8 

0.00020 

0.0007 

0.8 

0.0004 

0.0005 

1.0 

0.00030 

0.0010 

1.0 

0.0005 

0.0006 

1.2 

0.00040 

0.0013 

1.2 

0.0006 

0.0008 
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SERIES  3    TABLE  3 

Arsenic  Concentration  0.3  N 


SERIES  4    TABLE  4 

Arsenic  Concentration  0.8  N 


Acid 
cone. 

Cone,  of 
dist. 

Frac.  lost 

Acid 
cone. 

Cone,  of 
dist. 

Frac.  of 
As  lost 

1.4 

0.00048 

0.0016 

1.4 

0.0008 

0.001 

1.6 

0.0006 

0.002 

1.6 

0.0016 

0.002 

1.8 

0.0007 

0.003 

1.8 

0.0025 

0.003 

2.0 

0.0015 

0.005 

2.0 

0.004 

0.005 

Note  that  as  the  acid  concentration  increases  the  arsenic  con- 
centration of  the  distillate  and  also  the  fraction  of  arsenic  lost 
increase.  When  the  acid  concentration  is  below  1  N,  the  fraction 
of  arsenic  lost  is  less  than  0.001. 

Several  hundreds  of  these  determinations  were  made  and  the 
average  results  are  collected  in  the  following  two  tables. 

TABLE  5 

Arsenic  concentration  of  the  distillate  when  the  solution  is 
boiled  half  away  and  the  distillate  brought  to  the  original  volume. 


Acid 

Arsenic  Concentrations 

cone. 

0.1  N 

0.3  N 

0.5  N 

0.8  N 

1.0  N 

1.5  N 

0.2  N 

0.00004  N 

0.00006  N 

0.00007  N  0.00009  N 

0.0001  N  0.0002 

0.4 

0.00007 

0.00008 

0.00009 

0.00015 

0.0002 

0.0003 

0.6 

0.00010 

0.00015 

0.0002 

0.00025 

0.0003 

0.0004 

0.8 

0.0001.5 

0.00020 

0.0003 

0.0004 

0.0004 

0.0005 

1.0 

0.00020 

0.00030 

0.0004 

0.0005 

0.0006 

0.0006 

1.2 

0.00025 

0.00040 

0.0005 

0.0006 

0.0007 

0.0008 

1.4 

0.0003 

0.00048 

0.0006 

0.0008 

0.001 

0.0014 

1.6 

0.0004 

0.0006 

0.0010 

0.0016 

0.002 

0.003 

1.8 

0.0005 

0.0009 

0.0015 

0.0025 

0.003 

0.004 

2.0 

0.0006 

0.0015 

0.0025 

0.004 

0.004 

0.005 

TABLE  6 

Fraction  of  the  arsenic  lost  when  the  solution  is  boiled  half  away, 

Acid 

Arsenic  Concentrations 

cone. 

0.1  N 

0.3  N 

0.5  N 

0.8  N 

1.0  N 

1.5  N 

0.2  N      0.0004 

0.0002 

0.0001 

0.0001 

0.0001 

0.0001 

0.4 

0.0007 

0.0003 

0.0002 

0.0002 

0.0002 

0.0002 

0.6 

0.0010 

0.0005 

0.0004 

0.0003 

0.0003 

0.0003 

0.8 

0.0015 

0.0007 

0.0006 

0.0005 

0.0004 

0.0003 

1.0 

0.0020 

0.0010 

0.0008 

0.0006 

0.0006 

0.0004 

1.2 

0.0025 

0.0014 

0.0010 

0.0008 

0.0007 

0.0005 

1.4 

0.003 

0.0016 

0.0012 

0.001 

0.001 

0.0009 

1.6 

0.004 

0.002 

0.002 

0.002 

0.002 

0.0020 

1.8 

0.005 

0.003 

0.003 

0.003 

0.003 

0.0026 

2.0 

0.006 

0.005 

0.005 

0.004 

0.004 

0.0033 
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From  this  last  table  it  appears  that  when  the  concentration 
of  the  acid  is  below  1.2  N  and  that  of  the  arsenic  above  0.1  N, 
the  fraction  of  the  arsenic  lost  on  boiling  the  solution  half  away 
is  less  than  0.001.  It  further  appears  that  when  the  concentra- 
tion of  the  acid  is  above  that  of  the  arsenic,  the  fraction  of  ar- 
senic lost  approaches  a  constant. 

Series  3  and  4 
Series  3  and  4  were  made  to  ascertain  the  gradation  of  loss  of 
arsenic  during  the  boiling.  One  hundred  cubic  centimeters  of 
a  solution  0.5  N  in  arsenic  and  for  Series  3  normal,  for  Series  4 
two  normal,  in  HCl  were  boiled  and  the  distillates  collected  in 
10  cc.  portions.  These  portions,  made  0.1  N  in  acid  and  treated 
with  hydrogen  sulphide,  were  compared  with  the  test  solutions. 
The  results  are  given  in  Tables  7  and  8. 


TABLE  7 

TABLE  8 

100  cc.  0.5  N  in  As  and 
N    in    HCl 

Cone,  of          Frac.  of 
dist.              As  lost 

100  cc 

2 

;.  0.5  N  in  As  and 
N    in    HCl 

Cone,  of            Frac.  of 
dist.                As  lost 

1  St  10  cc.  0.0003  N 

0.00006 

1  St  10  cc. 

0.0010  N       0.00020 

2  nd            0.0004 

0.00008 

2nd 

0.0016            0.00032 

3  rd             0.0006 

0.00012 

3rd 

0.0024            0.00048 

4  th             0.0009 

0.00018 

4  th 

0.0060            0.00120 

5  th             0.0015 

0.00030 

5  th 

0.0090            0.00180 

Total  frac.  lost  0.00074         Total  frac.  lost  0.004 

The  total  loss  of  arsenic  here  agrees  fairly  well  with  the  figures  in 
Table  6.    The  rapid  increase  of  loss  in  the  successive  portions  is  due 
to  the  increasing  concentration  both  of  the  arsenic  and  the  acid. 
This  investigation  leads  to  the  following  conclusions : 

1.  That  the  quantity  of  arsenous  ion  lost  on  boiling  its  hy- 
drochloric acid  solution  is  a  function  of  the  concentration  both 
of  the  arsenic  and  of  the  acid. 

2.  That  when  the  concentration  of  the  acid  exceeds  that  of 
the  arsenic,  the  fraction  of  the  arsenic  lost  on  boiling  approaches 
a  constant  value. 

3.  That  with  the  concentrations  usually  employed  in  qualitative 
analysis  the  loss  of  arsenic  on  boiling  the  solution  even  half  away  is 
generally  less  than  one  thousandth  of  the  quantity  present. 
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SOME  TESTS  ON  A  NEW  CALORIMETER  BOMB 

By  Richard  H.  Jesse,  Jr. 
University  of  Illinois,  Urhana,  Illinois 

In  connection  with  the  description  of  the  new  alloy  bomb  of 
nickel-copper-chromium^  it  may  be  of  interest  to  report  briefly 
the  results  of  a  series  of  experiments  on  the  combustion  of  two 
standard  substances,  cane  sugar  and  benzoic  acid.  These  ex- 
periments were  undertaken  not  only  for  the  purpose  of  standard- 
ization but  also  to  test  the  behavior  of  the  instrument  under 
actual  working   conditions. 

The  principal  features  of  difference  between  this  bomb  and 
other  types  are:  (1)  the  substitution  of  an  alloy,  very  resistant  to 
the  action  of  acids,  for  the  usual  platinum,  gold,  or  enamel  lin- 
ing ;  (2)  the  use  of  a  well  protected  rubber  gasket  for  sealing  the 
bomb  instead  of  a  gasket  of  lead;  (3)  the  replacement  of  the  or- 
dinary steel  needle-valve  by  a  seated  valve  bearing  a  rubber 
gasket.  For  one  who  has  spent  much  physical  and  mental  effort 
in  trying  to  seal  completely  bombs  fitted  with  needle  valves 
and  gaskets  of  lead  and  gold,  a  very  short  experience  is  sufficient 
proof  of  the  superiority  of  the  present  method  of  sealing  in  so 
far  as  speed  and  ease  of  manipulation  are  concerned.  Former 
experience  in  this  laboratory  has  offered  evidence  that  these 
features  do  not  cause  a  decrease  in  the  accuracy  desired  for  com- 
mercial fuel  analj^sis.  It  has  remained,  however,  to  prove  that 
they  will  answer  the  purposes  of  investigations  where  the  highest 
attainable  accuracy  is  desired. 

A  series  of  semi-quantitative  corrosion  tests  in  which  specimens 
of  the  alloy  were  exposed  at  ordinary  temperatures  and  for  vary- 
ing lengths  of  time  to  the  action  of  4N  sulphuric  and  nitric  acids 
and  mixtures  of  the  two  have  indicated  that  the  amounts  of 
alloy  which  would  dissolve  in   the  time  of  a  determination  are 

'This  bomb  has  been  recently  devised  by  Professor  S.  W.  Parr,  of  this 
laboratory.  A  full  description  will  be  found  in  a  paper  presented  by  Pro- 
fessor Parr  before  section  I  of  this  Congress. 
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negligible.  To  test  the  corrosion  under  working  conditions 
the  washings  from  eight  runs,  which  had  been  titrated  in  the 
usual  manner  for  nitric  acid  with  potassium  hydroxide,  were 
combined  and  analysed  for  copper  and  nickel.  The  copper  was 
precipitated  by  hydrogen  sulphide  in  acid  solution  and  was  weighed 
as  cuprous  sulphide;  the  nickel  was  determined  by  the  dimethyl- 
glyoxime  method.  In  the  eight  determinations  1.6  milligrams 
of  copper  and  6.2  milligrams  of  nickel  were  dissolved.  In  a  single 
determination  therefore  we  have  the  solution  of  0.2  mg.  Cu  and 
0.8  mg.  Ni.  This  quantity  of  the  metal  nitrates  would  have  a 
heat  of  formation  of  approximately  1.8  calories^ 

Since  in  these  experiments  the  total  amount  of  heat  measured 
in  a  run  was  9500  calories,  about  0.02%  of  the  rise  was  due  to 
the  solution  of  the  alloy.  This  is  a  quantity  which  cannot  be 
detected  with  certainty  even  in  the  very  best  calorimetric  work. 
This  particular  bomb  was  the  first  successful  casting.  Since  the 
work  was  begun  there  have  been  slight  modifications  in  the  com- 
position of  the  alloy  which  have  probably  increased  its  acid  re- 
sistance. Quantitative  evidence  on  this  point  is,  however,  lack- 
ing as  yet.  In  coal  calorimetry  sulphuric  acid  will  be  present  in 
addition  to  the  nitric  acid.  The  corrosion  tests  already  men- 
tioned show  that  the  mixture  of  these  two  acids  is  not  much  more 
active  than  nitric  acid  alone. 

There  is  only  indirect  proof  to  show  that  the  use  of  rubber 
gaskets  is  without  effect  on  the  accuracy  of  the  bomb.  The  con- 
struction of  the  instrument  is  such  that  the  rubber  is  well  pro- 
tected. The  portion  of  the  gasket  which  comes  in  contact  with 
the  gases  in  the  bomb  is  a  ring  about  1/1000  inch  in  width  and  to 
reach  this  the  hot  gases  have  to  pass  through  a  very  narrow 
space  with  massive  metal  on  each  side,  so  that  they  would  almost 
certainly  be  cooled  below  the  danger  point.  In  these  experiments 
there  was  absolutely  no  smell  of  burnt  rubber  in  the  bomb  after 
a  combustion.  The  constancy  of  the  results  given  below  is  further 
proof  that  the  rubber  has  no  harmful  effect,  because  it  is  hardly 
conceivable  that  if  the  rubber  were  burnt  at  all  it  should  be 
burnt  in  such  constant  amount  each  time. 

iThomsen's  results  in  Landalt-Bornstein. 
Ni+2N+60+Aq  =  Ni  (NOs) 2  Aq  + 113,200   cal. 
Cu+2N+60+6H2O=Cu  (N03)2,  6H2O+92,900  cal. 
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The  method  of  adiabatic  calorimetry^  devised  by  W.  T.  Rich- 
ards was  used  for  these  combustions. 

The  principle  of  the  method  is  that  the  calorimeter  is  sur- 
rounded on  all  sides  and  on  top  by  a  bath  of  caustic  soda,  the 
temperature  of  which  is  at  all  times  kept  the  same  as  that  of  the 
calorimeter.  By  running  in  sulphuric  acid  in  measured  amounts 
the  temperature  of  the  bath  can  be  readily  changed  so  that  it 
conforms  to  that  of  the  calorimeter  even  during  the  first  rapid 
rise.  This  method  has  already  proved  itself  capable  of  extreme 
accuracy.  The  mercury  thermometer  used  was  of  the  Beckmann 
type  and  was  calibrated  by  the  Bureau  of  Standards.  The  re- 
sults with  it  were  very  satisfactory.  Three  different  samples  of 
sugar  were  used.  They  were  supplied  at  different  times  during 
the  past  three  years  by  the  Bureau  of  Standards.  Two  samples 
of  benzoic  acid  were  burnt,  one  from  the  Bureau  of  Standards 
and  one  that  had  been  carefully  purified  in  this  laboratory.  The 
experiment  marked  No.  10  was  on  this  sample.  The  agreement 
is  all  that  could  be  desired. 


CANE  SUGAR 

Observed 

Rise  Cor. 

Weight 

for   bore. 

Substance  protruding 

Correction 

Correction 

Rise  per 

Deviation 

in  Air 

thread  and 

for  iron 

for  HNOs 

Corrected 

gram 

from 

No. 

Gram. 

stirring 

wire  burnt 

formed 

Rise 

substance 

mean    % 

1 

2.4994 

2.909° 

-0.008° 

-0.003° 

2.898+° 

1.1596° 

+0.05 

2 

2.5018 

2.908 

-0.006 

-0.004 

2.898  + 

1.1585 

-0.05 

3 

2.4987 

2.910 

-0.008 

-0.004 

2.898- 

1.1597 

+0.06 

4 

2.5004 

2.909 

-0.006 

-0.004 

2.899- 

1.1593 

+0.02 

5 

2.5035 

2.911 

-0.008 

-0.003 

2.900 

1.1583 

-0.07 

6 

2.2743 

2.646 

-0.007 

-0.003 

2.636 

1.1590 

±0.00 

Average 

rise  per  gram  sugar 

(weighed  in  air)  =1.1591 

Average  rise  per  gram  sugar 

(weighed  in 

I  vacuum) 

=  1.1584 

BENZOIC  ACID 

7 

1.5089 

2.812° 

-0.007° 

-0.003° 

2.802° 

1.8570° 

+0.02% 

8 

1.5390 

2.870 

-0.008 

-O.004 

2.858 

1.8570 

+0.02 

9 

1.5059 

2.809 

-0.008 

-0.004 

2.797 

1.8574 

+0.04 

10 

1.4467 

2.698 

-0.008 

-0.003 

2.687 

1.8572 

+0.03 

11 

1.5635 

2.913 

-0.008 

-0.003 

2.902 

1.8561 

-0.04 

12 

1.56.30 

2.912 

-0.007 

-0.004 

2.901 

1.8560 

-0.04 

13 

1.6584 

3.090 

-0.008 

-O.004 

3.078 

1.8560 

-0.04 

Average  rise  per  gram  benzoic  acid  (weighed  in  air)  =1.8567 
Average  rise  per  gram  benzoic  acid  (weighed  in  vacuum)  =1.8552 

All  the  experiments  fell  within  the  temperature  range  21-25°C. 

'Proc.  Amer.  Acad.,  42,  573,  (1907);  Z.  physik  Chem.,  59,  532;  J.  Am. 
Chem.    Soc,    31,   268,    (1909). 
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Since  the  temperature  rise  measured  was  about  3°,  it  follows  that 
the  mean  temperature  of  any  experiment  did  not  differ  from  that 
of  any  other  by  more  than  1°.  This  is  worthy  of  mention  be- 
cause in  this  neighborhood  the  heat  capacity  of  water  changes 
by  about  0.02%  per  degree.  However,  since  the  metal  portions 
of  the  system  have  a  larger  temperature  coefficient  of  opposite 
sign,  the  effect  of  the  changing  heat  capacity  of  water  is  at  least 
partially  neutralized. 

The  internal  agreement  of  the  two  series  on  sugar  and  ben- 
zoic acid  indicates  that  the  new  bomb  can  be  safely  used  for  work 
involving  the  highest  accuracy.  The  greatest  deviation  from 
the  mean  is  7  parts  per  10,000  in  the  case  of  sugar  and  4  parts 
in  the  case  of  benzoic  acid.  This  is  probably  as  close  an  agree- 
ment as  can  be  expected  from  a  mercury  thermometer  and, 
indeed,  it  compares  very  favorably  with  the  best  work  with 
electrical  thermometers. 

The  results  described  in  this  paper  are  not  absolute,  but  are 
purely  relative.  Therefore,  it  is  interesting  to  compare  the 
ratio  of  sugar  and  benzoic  acid.  The  ratio  resulting  from  this 
series  (vacuum  weights)  is  1.6014.  A  similar  comparison  of  a 
very  high  order  of  accuracy  has  been  made  by  Emil  Fischer  and 
Wrede^  They  have  made  two  series  of  determinations  on  ben- 
zoic acid.    The  ratio  from  their  first  and  most  concordant  series 

26.478KJ 
is  ,  „  _,--,-•  =  1-6003;  that  from  the  average  of  the  two  series  is 
16.545Kj 

26.472 

77-777  =  1.6000;    while    the    ration  for   their    three    highest  de- 

16.545 

terminations  of  benzoic  acid  is  1.6008.  The  differences  between 
these  ratios  and  that  found  in  this  paper  are  respectively  0.07%, 
0.09%o  and  0.035%,.  The  value  of  the  ratio  found  by  the  Bureau 
of  Standards  is  1.6016^.  The  agreement  here  is  even  more  sat- 
isfactory ;  in  fact,  it  is  identical  within  the  possible  experimental 
accuracy.  In  spite  of  the  concordance  of  their  ratios  the  ab- 
solute values  assigned  by  Fischer  and  Wrede  and  the  Bureau 
differ  by  a  quarter  of  a  per  cent.  The  reason  for  this  discrepancy 
is   not  apparent  at  present, 

iSitzber.  K.  Acad.  Berlin,  19,  20,  21,  687,  (1904);  Z.  physik,  Chem.,  53, 
161,  (1903);  69,  218,  (1909);  75,  81,  (1910). 

^Private  communication  from  Dr.  W.  F.  Hillebrand. 


SUR    UNE    METHODE    GENERALE    DE    DOSAGE    DE 
L'ACIDE    TARTRIQUE    EN    PRESENCE    DE 
METAUX  CAPABLES    DE    DONNER 
DES   EMETIQUES 

Presente  par  M.  Andre  Kling 
Directeur  du  Lahoratoire  Municipal  de  Paris 

ET  D.  Florentin 
Chimiste  au  Lahoratoire  Municipal  de  Paris 

Tous  les  precedes  de  dosage  de  I'acide  tartrique  utilises  jusqu'^ 
ces  derniers  temps  consistent  a  precipiter  celui-ci  a  I'^tat  de  tar- 
trate acide  de  potassium  en  milieu  6th4ro-alcoolique  et  a  titrer 
acidim^triquement  ce  precipite. 

Mais  plusieurs  reproches  doivent  etre  adress6es  a  ces  methodes. 

Tout  d'abord  la  reaction  qui  leur  sert  de  base  est  une  reaction 
reversible  et  comme  telle  incomplete.  L' acide  tartrique  en  presence 
d'un  sel  de  potassium  donne  en  effet  la  reaction. 

CO2H  (CHOH)2-C02H+RK  ^  CO2H  (CH0H)2  CO2K+R-H. 

II  s'etablit  entre  ces  quatre  corps  un  equilibre  dependant  a  la 
fois  de  la  dilution,  de  la  nature  de  I'acide  R  H  mis  en  liberty,  de  la 
temperature,  etc. 

Si  au  lieu  d'acide  tartrique,  on  emploie  du  bitartrate  de  sodium^ 
la  reaction  est  a  peu  pres  complete,  mais  dans  la  pratique,  cette 
circonstance  n'est  jamais  realisee,  car  les  produits  naturels  renfer- 
ment  toujours  d'autres  substances  capables  de  deplacer  partielle- 
ment  I'acide  tartrique. 

D'autre  part,  I'acide  tartrique  peut-etre  entraine  a  I'etat  de 
tartrate  neutre  insoluble  dans  le  milieu  ^thero-alcoolique,  en  par- 
ticulier  a  I'etat  de  sel  de  chaux,  de  magn^sie,  etc.  et  des  lors  il 
echappera  au  dosage  acidimetrique. 

De  plus  certains  acides,  tels  que  I'acide  malique  peuvent,dans 
des  liquides  complexes,  donner  naissance  k  des  sels  acides  peu  solu- 
bles qui  se  pr^cipitent  en  meme  temps  que  le  bitartrate  de  potas- 
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slum  et  qui  sont  compt^s  comme  acide  tartrique  lors  du  dosage 
acidim^trique. 

Enfin  la  presence  de  certains  metaux,  tels  que  le  fer,  I'alumine, 
Tantimoine,  etc.  qui  forment  avec  I'acide  tartrique  des  ^m^tiques, 
fausse  totalement  les  resultats. 

Ces  differentes  causes  d'erreur  font  qu'un  meme  operateur 
trouve  des  nombres  differant  entre  eux  de  0  gr.2  ou  0  gr.3,  alors  que 
la  quantity  d'acide  tartrique  a  doser  n'est  le  plus  souvent  que  de  3 
a  4  grammes  dans  les  produits  naturels,  (vins)  soit  une  erreur  de  6 
^  8%  qui  peut  d'ailleurs  etre  doublee  quand  il  s'agit  d'op^rateurs 
diff  brents. 

C'est  en  vue  de  remedier  a  ce  manque  de  precision  que  Tun  de 
nous  a  propose  il  y  a  quelque  temps^  une  nouvelle  m^thode  basee 
sur  la  precipitation  de  I'acide  tartrique  a  I'etat  de  rac^mate  de 
chaux:  (C4H406)2  Ca,  8H2O. 

Tandis  en  effet  que  le  tartrate  droit  de  chaux  ne  precipite  qu' 
incompletement,  le  racemate  est  un  sel  presque  rigoureusement 
insoluble  dans  I'eau,  dans  I'acide  acetique  etendu,  la  solution  de 
tartrate  et  les  sels  ammoniacaux.  Mais  il  se  dissout  aisement 
dans  les  acides  mineraux  meme  ^tendus. 

Si  done  a  une  solution  contenant  un  tartrate  alcalin  ou  de 
I'aeide  tartrique  droit,  le  seul  qui  se  rencontre  dans  les  produits 
naturels,  on  ajoute  du  tartrate  d'ammoniaque  gauche  en  exc^s, 
puis  de  I'acetate  de  chaux,  tout  I'acide  tartrique  droit  sera  pr^ci- 
pit6  integralement  a  I'^tat  de  racemate  de  chaux  k  la  condition 
qu'il  ne  subsiste  pas  dans  la  liqueur  d'acide  mineral  libre. 

L'experience  ayant  montre  que  ce  premier  precipite  n'est  pas 
pur  car  ii  entrain^  avec  lui  une  certaine  quantity  de  tartrate  gauche 
de  chaux,  il  est  necessaire  de  redissoudre  le  precipite  dans  I'acide 
chlorhydrique  faible  puis  de  le  precipiter  par  addition  d'un  exc^s 
d'ac^tate  de  sonde. 

Le  precipite  recueilli  sur  filtre  et  lave,  est  evalue  volum^trique- 
ment  en  milieu  sulfurique  a  I'aide  d'une  solution  de  perman- 
ganade  potasse  titr^e  elle-meme  a  Taide  d'une  solution  connue 
d'acide  tartrique  pur. 

(Le  nombre  obtenu  pour  I'acide  tartrique  contenu  dans  le 
racemate,  doit  bien  entendu  6tre  divise  par  2,  puisque  le  racemate 
lA.  KUng,  BuUetin  Soc.  Chim.  T.  7  (4°  s6rie)  p.  569. 
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renfeme  une  quantity  d'acide  tartrique  gauche  egale  a  la  quantity 
d'acide  tartrique  droit  preexistante  dans  la  liqueur.) 

Cette  methode  donne  des  resultats  excellents,  a  la  seule  con- 
dition que  la  liqueur  dans  laquelle  se  fait  la  precipitation  ne  ren- 
ferme  pas  de  m^taux  capables  de  fournir  des  ^metiques  avec 
I'acide  tartrique.  On  sait  que  ce  sont  les  m^taux  donnant  des 
sesquioxydes  de  la  forme  M2O3  qui  sont  particulierement  aptes 
a  fournir  avec  I'acide  tartrique  des  complexes  dans  lesquels  I'oxyde 
et  I'acide  sont  dissimules.  II  en  resulte  que  la  presence  de  fer, 
d'alumine,  d'antimoine  sera  particulierement  genante  et  en  effet 
des  que  la  dose  de  ceux-ci  depasse  0  gr.  4  a  0  gr.  5  0/00  la  methode 
d^crite  donne  des  resultats  notablement  trop  faibles. 

Or  ily  a  un  grand  interet  a  pouvoir  effectuer  correctement  ce 
dosage  meme  en  presence  des  metaux  genants,  car  certains  pro- 
duits  naturels:  tartres,  lies,  etc.,  renferment  des  doses  notables 
de  fer  ou  d'alumine. 

Nous  avons  6t6  assez  heureux  pour  etendre  la  methode  pre- 
cipitee  au  cas  ou  la  Uqueur  renferme  des  Elements  genants,  et  k 
la  rendre  gen^rale,  alors  que  les  anciennes  m^thodes  sont  totale- 
ment  inapplicables  dans  ce  cas. 

Principe  de  la  Methode 

Nous  avons  pens6  a  engager  les  m6taux  genants  dans  une  com- 
binaison  suffisamment  stable  dans  le  milieu  de  precipitation  pour 
que  I'acide  tartrique  soit  libere  et  puisse  pr^cipiter  completement 
a  I'etat  de  racemate.  L'acide  citrique  nous  a  semble  tout  indique, 
car  lui-meme  donne  avec  ces  metaux  des  combinaisons  complexes. 

L'experience  a  bien  verifie  ces  considerations  th^oriques  et 
I'adjonction  d'acide  citrique  a  la  solution  libere  completement 
I'acide  tartrique  qui  des  lors  pr^cipite  integralement  a  I'etat  de 
racemate  de  chaux.  A  la  verite  des  essais  nous  ont  montre  que 
I'acide  citrique  lui-meme  avait  I'inconvenient  d'augmenter  I'acid- 
ite  de  la  liqueur  et  par  la  meme  la  solubihte  du  racemate,  c'est 
pourquoi  nous  lui  avons  substitue  le  citrate  biammonique  qui, 
tout  comme  I'acide,  se  combine  aux  metaux  genants  pour  donner 
des  complexes  et  Uber^  I'acide  tartrique. 

Tout  d'abord  nous  avons  tenu  a  nous  assurer  a  nouveau  que 
I'acide  citrique  ne  genait  pas  la  precipitation  du  racemate  meme 
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a  dose  assez  ^lev^e,  bien  que  Tun  de  nous  I'ait  d^j^  constats  par 
quelques  essais  succints  au  cours  du  travail  precedent. 
Voici  les  r^sultats  obtenus: 

N°  des  Teneur  en  acide  Nombre  Nombre 

essais  citrique  obtenu  theorique 

1  0  0  gr.  198  0  gr.  195 

2  0  gr.  200  0  gr.  197  0  gr.  195 

3  1  gr.  000  0  gr.  196  0  gr.  195 

4  2  gr.  000  0  gr.  187  0  gr.  195 

On  constate  done  que  des  doses  d'acide  citrique  atteignant  plus 
de  cinq  fois  le  poids  d'acide  tartrique  a  doser  ne  genent  en  rien  la 
precipitation  du  racemate  et  qu'un  flechissement  des  resultats  ne 
s'accuse  que  pour  des  doses  d'acide  citrique  decuples  du  poids 
d'acide  tartrique. 

En  outre  le  citrate  d'ammoniaque  ajout6  h  la  solution  tartrique 
pr6sente  la  propri^te  avantageusee  de  diminuer  sensiblement  la 
proportion  de  tartrate  gauche  de  chaux  entraine  dans  le  precipite 
du  racemate  lors  de  la  premiere  precipitation.  C'est  la  un  resultat 
avantageux,  car  dans  le  cas  d'un  precipite  de  racemate  charge 
en  tartrate  gauche,  meme  en  le  redissolvant  et  le  reprecipitant  on 
obtient  des  nombres  parfois  un  peu  forts. 

Get  entrainement  de  tartrate  gauche  de  chaux  est  mis  en  evi- 
dence par  I'experience  ci-dessous: 

Apr^s  12  heures  de  precipitation: 

Acide  tartrique 
Teneur  en  citrate 
d'ammoniaque  Trouv^  Calculi 

0  0  gr.    208  0  gr.  204 

0  gr.  500  0  gr.  2046  0  gr.  204 

D'ailleurs  nous  avons  v^rifie  directement  que  le  citrate  aug- 
mentait  la  precision  des  resultats  par  suite  d'un  moindre  entraine- 
ment de  tartrate  gauche,  et  non  par  suite  de  compensation  d'erreurs 
de  sens  inverse.  Acet  effet,  le  racemate  provenant  des  premieres 
precipitations  a  ete  dissous  dans  une  solution  saturee  de  molyb- 
date  d'ammoniaque,  (qui,  comme  on  le  salt,  exalte  considerable- 
ment  le  pouvoir  rotatoire  de  I'acide  tartrique)  or  dans  le  cas  ou 
il  a  ete  obtenu  en  presence  de  citrate  d'ammoniaque  il  devie  beau- 
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coup  moins  a  gauche  la  lumiere  polaris^e  que  dans  le  cas  con- 
traire.     (La  deviation  diminue  du  1-3  environ.) 

Nous  avons  esaye  egalement  de  diminuer  I'entrainement  de 
tartrate  gauche  de  chaux  en  reduisant  la  dose  de  tartrate  gauche 
d'ammoniaque  indiquee  dans  la  precedente  note^  mais  ce  procede 
n'est  recommandable  que  dans  le  cas  oil  il  n'y  a  pas  de  m^taux 
genants  car  dans  ce  cas,  meme  en  presence  du  citrate  d'ammoniaque 
il  est  necessaire  d'avoir  un  exces  de  tartrate  gauche  pour  que  la 
precipitation  soit  complete. 

II  est  a  remarquer  que  le  citrate  retarde  la  precipitation  du 
racemate,  aussi  est-il  necessaire  dans  le  cas  oil  il  est  present 
d'attendre  3  a  6  heures  pour  avoir  une  precipitation  totale. 

Enfin  dans  le  cas  ou  la  liqueur  renferme  en  outre  des  doses 
notables  de  metaux  genants,  la  precipitation  est  encore  ralentie 
et  il  est  necessaire  cette  fois  d'attendre  12  heures  (une  nuit)  avant 
de  Jeter  sur  filtre. 

De  tout  ceci  nous  concluons  que  la  presence  d'un  citrate  ne 
gene  pas  la  precipitation  et  qu'en  diminuant  I'entrainement  du 
tartrate  gauche  par  le  racemate  il  augmente  meme  la  precision 
des  resultats.  Aussi  proposons  nous  de  modifier  legerement  la 
premiere  methode  et  d'ajouter  dans  tous  les  cas  de  dosage  d'acide 
tartrique  une  certaine  quantite  de  citrate  d'ammoniaque  avant  de 
pr^cipiter  le  racemate. 

Nous  exposerons  plus  loin  avec  details  cette  nouvelle  technique. 

Dosage  de  I'Acide  Tartrique  en  Presence  de  fer  et  d'Alumine. 
En  I'absence  de  citrate  des  doses  meme  faibles  d'alumine  ou 
de  fer  influencent  considerablement  les  resultats  du  dosage  de 
I'acide  tartrique  par  quelle  que  methode  que  ce  soit,  ainsi  que  le 
fait  ressortir  le  tableau  suivant. 

Acide  tartrique  par  litre 
AI2  O3        Methode  au     Methode 
par  litre         racemate^       officielle      Theorie 

Solution  d'acide  tartrique .  .  0,01  3,96  3,97 

(id) 0,10  3,23  3,97 

Solution  de  tartrate  de  Na  .  0,00  3,18  3,00           3,20 

(id) 0,08  2,96  2,88           3,20 

iLoc.  cit. 

^sans  addition  de  citrate. 
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Mais  des  que  Ton  met  de  I'acide  citrique  ou  mieux  du  citrate 
d'ammoniaque,  il  est  possible  d'avoir  une  precipitation  int^grale 
du  racemate  meme  en  presence  de  dose  d'alumine  atteignant  40% 
du  poids  d'acide  tartrique,  c'est  a  dire  bien  sup^rieure  a  la  quantity 
n^cessaire  pour  former  le  complexe: 

C02H-CH-CH-C02H 

OH  0-Al(-0H)2 

dans  lequel  AI2O3  ne  represente  que  33%  du  poids  d'acide  tar- 
trique. 

Voici  en  effet  les  r^sultats  obtenus. 


Acide  tartrique 

A1203 

Citrate  d'ammoniaque 

Trouve 

Theorie 

0 

0 

0,199 

0,195 

0  gr.  0032 

0 

0,197 

0,195 

0  gr.  0158 

0 

0,179 

0,195 

0  gr.  079 

0 

0,103 

0,195 

0  gr.  079 

0  gr.  500 

0,198 

0,195 

0  gr.  085 

0  gr.  700 

0,204 

0,204 

En  presence  de  fer  nous  avons 

obtenus  des  r^sultats  analogues. 

Acide 

tartrique 

FiOs 

Citrate  d'ammoniaque 

Trouve 

Theorie 

0  gr.  086 

0 

0 

gr. 

138 

0 

gr.  1945 

0  gr.  069 

0  gr.  700 

0 

gr. 

2088 

0 

gr.  2076 

0  gr.  086 

0  gr.  700 

0 

gr. 

2076 

0 

gr.  2076 

0 

0  gr.  700 

0 

gr. 

2058 

0 

gr.  204 

La  presence  d'alumine  et  surtout  de  fer  retarde  considerable- 
ment  la  precipitation  du  racemate  et  il  est  necessaire  d'attendre 
12  heures  (une  nuit)  pour  que  la  precipitation  soit  complete. 

Nous  avons  cherche  quelle  etait  la  teneur  maximum  en  AI2O3 
ou  Fe203  pour  laquelle  le  dosage  6tait  encore  exact. 

Voici  les  resultats: 


Acide  tartrique 

Citrate  d'ammoniaque 

Trouve                  Theorie 

JzOaOg.  1296 

0  g.  750 

0,204                0,2076 

[jOa  0, 1264 

0  g.  750 

0,2004              0,2076 
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Conclusions 

L'adjonction  de  citrate  d'ammoniaque  permet  d'obtenir  une 
precipitation  complete  de  I'acide  tartrique  k  I'^tat  de  rac^mate 
pour  des  teneurs  en  oxydes  anhydres  pouvant  atteindre  50% 
environ  du  poids  d'acide  tartrique,  mais  a  partir  de  60%  I'erreur 
atteint  2%  en\dron  dans  le  cas  du  fer  et  3,5%  dans  le  cas  de 
I'alumine. 

Neanmoins  on  pent  parvenir  a  doser  I'acide  tartrique  en  pre- 
sence de  grandes  quantites  de  fer,  d'alumine,  grace  a  une  m^thode 
que  nous  decrirons  plus  loin. 

Dosage  en  Presence  de  Cuivre  et  d' Antimoine. 

Nous  avons  appliqu^  cette  meme  methode  au  cas  du  cuivre  et 
de  I'antimoine,  en  particulier  au  dosage  de  I'acide  tartrique  dans 
les  emetiques  d'antimoine. 

Dans  le  cas  du  cuivre  nous  avons  obtenu  les  r^sultats  suivants : 


CuO 

Citrate  d'ammoniaque 

Acide  tartrique 
Trouve                           Theorie 

0,058 
0,058 

0 
0,700 

0,2006                      0,2041 
0,2053                      0,2041 

Le  premier  essai  de  ce  tableau  montre  que  le  cuivre  en  solution 
acide  apporte  peu  de  trouble  au  dosage,  meme  en  I'absence 
de  citrate,  ce  qui  s'explique  aisement  en  considerant  que  I'acide 
tartrique  ne  donne  de  complexes  v^ritables  qu'en  milieu  alcalin. 
Au  contraire  le  complexe  que  donne  I'antimoine,  tout  comme  ceux 
de  fer  et  d'alumine,  sont  assez  stables  en  milieu  ac^tique  ce  qui 
rend  impossible  la  precipitation  int^grale  du  rac^mate  sans  ad- 
jonction  de  citrate. 

La  methode  a  et6  essayee  dans  le  cas  de  I'antimoine  avec  de 
I'emetique  pur,  prealablement  desseche  a  100°  de  facon  k  lui  faire 
perdre  sa  3^  molecule  d'eau  de  cristalKsation. 

Le  tableau  ci-contre  rend  compte  des  resultats : 
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Poids  Citrate  Acide  tartrique 

d'emetique  d'ammoniaque  Trouve  Calcule 

Emetique  No.  1     ] 

0  gr.  400  I     non  0  0,1212  0,1813 


Emetique  No.  2 

0  gr.  400  J      desseche  0,700  0,183  0,181 

Emetique  No.  1  ]      seche 

0  gr.  400  [  0,700  0,188  0,186 

Emetique  No.  2  J      a  100° 

0  gr.  400  J  0,700  0,1845  0,186 

Dosage  en  Presence  de  Doses  Massives  de  MHaux  Genants 

On  a  vu  plus  haut  que  par  Tintroduction  d'une  quantite  suffi- 
sante  de  citrate  d'ammoniaque  on  peut  arriver  a  doser  correcte- 
ment  I'acide  tartrique  en  presence  d'oxyde  de  fer  et  d'aluminium 
a  la  condition  que  les  oxydes  ne  depassent  pas  la  teneur  de  50  a 
60%  (par  rapport  a  I'acide  tartrique  a  doser),  mais  qu'au  de  la 
de  ces  limites  le  procede  etait  a  nouveau  en  d^faut. 

Aussi  nous  sommes  nous  pr^occupes  de  rendre  la  m^thode  tout 
a  fait  generale  en  I'etendant  au  cas  ou  les  metaux  genant  la  pre- 
cipitation se  trouvent  en  dose  massive  par  rapport  a  I'acide 
tartrique. 

Nous  y  sommes  parvenus  en  precipitant  la  majeure  partie  des 
metaux  genants  a  I'aide  de  reactions  s'effectuant  en  milieu  acide 
par  un  acide  mineral  (Hcl),  car  dans  ce  milieu  le  complexe  est 
detruit  et  le  metal  peut  precipiter  int^gralement  sans  entrainer 
d'acide  tartrique. 

1° — Cas  de  VAlumine 

Nous  avons  pr^cipite  la  plus  grande  partie  de  celle-ci  a  I'etat 
d'alun  d'ammoniaque  en  solution  lelegerement  chlorhydrique;  a  cet 
effet  la  solution  renfermant  I'alumine  et  I'acide  tartrique  est  addi- 
tionne  de  sulfate  d'ammoniaque  en  quantite  plus  que  suffisante  pour 
former  I'alun:  (804)3  AI2,  SO4  Am2.  On  ajoute  quelques  gouttes  de 
Hcl  a  22°  B.  et  on  concentre  a  petit  volume  (25  a  30°'')  puis  la 
liqueur  est  additionnee  de  son  volume  d'alcool  a  95°;  on  obtient 
ainsi  une  cristallisation  d'alun  d'ammoniaque  que  Ton  separe  par 
filtration  sur  un  petit  entonnoir  Biichner.     Les  cristaux  sont  laves 
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soigneusement  avec  de  I'alcool  a  55-60°  puis  le  filtrat  est  evapore  de 
facon  a  chasser  la  majeure  partie  de  I'alcool.  Dans  cette  derniere 
liqueur  ^tendue  d'eau  en  quantity  convenable  le  rac^mate  est 
enfin  precipit^,  apres  addition  de  citrate  d'ammoniaque  (en  vue 
d'^liminer  Faction  genante  des  petites  quantites  d'alumine  qui 
ont  ^chapp^  a  la  precipitation  a  I'etat  d'alun). 

On  s'est  assure  que  I'alun  d'ammoniaque  ainsi  pr^cipite  n'en- 
trainait  pas  d'acide  tartrique  car,  dissous  dans  I'eau,  il  ne  reduit 
pas  le  permanganate  a  I'ebullition  en  milieu  sulfurique. 

Voici  le  resultat  de  nos  essais : 

Acide  tartrique 
AI2  O3  Citrate  d'ammoniaque  Trouve  Theorie 

0  gr.  600  0  gr.  700  0,2046  0,2076 

0  gr.  600  0  gr.  700  0,2052  0,2076 

2°—Cas  du  Fer 

Nous  avons  61imin4  la  majeure  partie  du  fer  a  I'etat  de  sulfure 
ferreux  (par  H2S)  en  milieu  acetique.  La  solution  contenant  le 
sel  ferrique  (Fe  els)  est  additionnee  d'ac^tate  de  sonde  et  de 
quelques  gouttes  d'acide  acetique,  puis  dans  la  solution  chaude 
on  fait  passer  im  courant  de  H2S.  Le  pr^cipite  de  sulfure  de  fer 
est  filtre,  la  liqueur  est  port^e  a  I'ebullition  pour  chasser  H2S  et 
apres  neutralisation  partielle  de  I'acide  acetique  par  NH3  le  race- 
mate  est  precipite  suivant  la  methode  g^nerale. 

Resultats  des  essais: 


Fe,0, 

Citrate  d'ammoniaque 

Acide  tartrique 
Trouve                          Theorie 

0,432 
0,432 

0  g.  500 
0  g.  500 

0,2052                      0,2076 
0,2064                      0,2076 

3° — Cas,  du  Cuivre  et  de  VAntimoine 

Le  cuivre  et  I'antimoine  sont  elimines  par  H2S  en  solution 
chlorhydrique.  Apres  separation  du  sulfure,  la  liqueur  est  port^e 
a  I'ebullition  pour  chasser  H2S,  puis  neutralisee  par  NH3,  et  le 
racemate  est  precipite  en  presence  de  citrate  d'ammoniaque. 
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Les  deux  tableaux  suivants  resument  nos  experiences: 

Acide  tartrique 


SO4  Cu  5  aq.      Citrate  d'ammoniaque 

Trouve                           Theorie 

0  g.  500                 0  g.  500 

0,2058                      0,2076 

0  g.  500                 0  g.  500 

0,2058                      0,2076 

Acide  tartrique 

Sb  CI3        Citrate  d'ammoniaque 

Trouve                            Theorie 

0  g.  500                 0  g.  500 

0,2064                      0,2076 

0  g.  500                 0  g.  500 

0,2064                      0,2076 

Pratique  de  la  Methode  Definitivement  Adoptee  pour  le  Dosage  de 
V Acide  Tartrique  a  VEtat  de  Racemate  de  Chaux. 

L'^tude  qui  precede  nous  ayant  prouv^  qu'a  tous  les  points  de 
vue  I'addition  de  citrate  d'ammoniaque  aux  solutions  tartriques 
6tait  tr^s  avantageuse,  nous  avons  modifie  l^gerement  le  procede 
public  par  I'un  de  nous  et  nous  nous  sommes  arretes  pour  effectuer 
le  dosage  de  cet  acide,  au  mode  operatoire  suivant : 

Solutions  Employees 

A. — Une  solution  de  citrate  biammonique  renfermant  50 
grammes  de  citrate  au  litre. 

B. — Une  solution  de  tartrate  gauche  d'ammoniaque  pur  rigou- 
reusement  exempt  de  tartrate  droit^  contenant  20  grammes  de 
tartrate  par  litre  a  laquelle  on  ajoute  5  a  e""  de  formol  pour 
assurer  la  conservation. 

C. — Solution  acetique  d'acetate  de  chaux  obtenu  en  dissolvant 
16  grammes  de  carbonate  de  chaux  chimiquement  pur  dans  120"° 
d'acide  acetique  cristalli sable  et  en  completant  k  un  litre. 

D. — Une  solution  de  HCl  renfermant  40  grammes  d'acide  a 
22  B.  par  litre. 

E. — Une  solution  renfermant:  5  grammes  de  COsCa  dissous 
dans  20  grammes  d'acide  acetique,  et  100  grammes  d'acetate  de 
sonde  par  litre. 

F. — Une  solution  de  Mno4  K  a  16  grammes  environ  par  litre. 

Cette  derni^re  solution  est  titree  par  rapport  a  une  solution 

iPour  sa  preparation. — Voir  pour  plus  de  details  le  Bull.  Soc.  chim.,  1910, 
T.  7.,  p.  571. 
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d'acide  tartrique  pur  de  titre  connu   (determine  volumetrique- 

ment  k  I'aide  d'une  solution  KoH      -^' 

10 

Pour  effectuer  un  dosage  d'acide  tartrique,  qu'il  y  ait  ou  non  en 
presence  des  metaux  genants,  on  ajoute  a  la  solution  tartrique 
ramenee  a  un  volume  de  150''''  environ  10  k  15°°  de  la  solution  A 
(Citrate  d'ammoniaque)  puis  successivement  25"°  de  la  solution 
B.  et  20°°  de  la  solution  C. 

On  melange  avec  un  agitateur  et  on  abandonne  quelques  heures ; 
la  duree  de  ce  repos  doit  atteindre  12  heures  dans  le  cas  ou  la 
liqueur  renferme  des  quantites  appreciables  de  metaux  genants. 
(Fe.  Al.  SI.) 

Ce  temps  ecoule  le  precipite  est  jete  sur  filtre  lave  k  I'eau  froide, 
puis  le  filtre  est  perce  et  le  precipite  entraine  a  I'aide  d'un  jet  de 
pissette  dans  un  vase  a  precipiter.  On  ajoute  20°°  a  la  solu- 
tion chlorhydrique  D.  avec  laquelle  on  lave  le  filtre.  La  dissolu- 
tion du  rac^mate  terminee  on  etend  a  150°°  et  on  additionne  le 
liquide  de  40  a  50°°  de  solution  E,  apres  avoir  amene  la  liqueur 
vers  80°  au  bain-marie  on  I'abandonne  au  refroidissement  quel- 
ques heures,  puis  le  precipite  est  jete  sur  filtre  lave  et  dissous  sur 
le  filtre  meme  a  I'aide  d'une  solution  chaude  d'acide  sulfurique  a 
10%  en  volume.^  Cette  solution  est  recueillie  dans  une  capsule  de 
porcelaine,  elle  est  portee  a  rebuUition  et  titree  en  faisant  tomber 
goutte  a  goutte  le  Mno4K  tout  en  agitant  et  en  continuant  a  faire 
bouillir.  Le  nombre  obtenu  pour  I'acide  tartrique  contenu  dans  le 
rac6mate,  divis6  par  2,  fournit  celui  qui  correspond  a  I'acide 
tartrique  droit,  contenu  dans  la  solution  analysee. 

Applications  qui  Ont  Ete  Faites  de  ce  Procede 

I.     Cas  des  Tartres  et  des  Lies 

La  methode  de  precipitation  de  I'acide  tartrique  a  I'etat  de 
racemate  de  chaux  en  presence  de  citrate  d'ammoniaque  s'applique 
tres  bien  au  dosage  de  cet  acide  dans  les  tartres  et  dans  les  lies 

iLa  teneur  en  So^Hj  influengant  le  dosage  au  permaaganate  il  est  indis- 
pensable de  titrer  la  solution  F.  de  MnoiK.,  puis  le  racemate,  a  I'aide  de  cette 
solution  F,  dans  un  milieu  contenant  a  peu  pres  tou jours  la  meme  teneur  en 
SoiHi;  I'emploi  d'acide  sulfurique  a  10%  en  volume  est  en  particulier  tres 
commode. 
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qui   renferment  des  quantit^s  de  fer,  d'alumine  non  genantes 
grace  au  citrate  d'ammoniaque. 

A  cet  effet  on  dissout  dans  I'eau  chaude  l^gerement  acidul^e 
par  quelques  gouttes  de  Hcl  la  quantite  de  tartre  ou  de  lies  que 
I'on  suppose  renfermer  approximativement  0  gr.  200  d'acide 
tartrique  (de  0  gr.  300  pour  les  tartres  riches  k  2  gr.  000  pour  les 
lies) .  La  liqueur  apr^s  ref roidissement  complete  est  filtree,  ramen^e 
k  150''*'  on  ajoute  10  k  15°°  d'une  solution  de  citrate  d'ammoniaque 
on  neutralise  la  plus  grande  partie  de  I'acide  chlorhydrique  par, 
NHs,  pulsion  additionne  la  liqueur  d'acetate  de  soude^  et  on  pre- 
cipit6/le^racemate  suivant  le  methode  gen6rale. 

Voici  les  resultats  que  nous  avons  obtenu  avec  un  tartre  com- 
mercial. 

Poids  Citrate  d'ammoniaque  Acide  tartrique  % 

0  gr.  303  0  67,1 

0  gr.  252  0  66,6 

0  gr.  300  0  gr.  500  68,6 

N 
Le  meme  tartre  precipit^  par  I'alcool  95°,  puis  titr^  par  KoH — 

(Methode  Berthelot  et  de  Fleurieu)  nous  a  donn^ :  Acide  tartrique 
%:61,0. 

Nous  avons  dose  I'acide  tartrique  dans  une  lie  renfermant  6, 
48%  de  cendres  min^rales. 

La  methode  au  racemate-citrate  nous  a  donne  10,  3%  d'acide 
tartrique,  tandis  que  la  methode  de  precipitation  du  bitartrate 
de  potasse  par  I'alcool  ne  nous  en  a  donne  que  6,  75%. 

Afin  de  voir  I'infiuence  des  substances  minerales  que  renfermait 
cette  lie  sur  la  precipitation  du  rac^mate,  nous  avons  dissous  les 
cendres  provenant  de  2  grammes  de  lie  dans  de  I'eau  ac^tique  et 
la  solution  obtenue  a  6te  a  jout^e  a  une  quantite  connue  d'acide 
tartrique,  puis  celui-ci  a  ete  precipite  k  I'etat  de  rac^mate  en 
presence  et  en  I'absence  de  citrate. 

Voici  les  resultats :  Acide  tartrique 

Trouve  Theorie 

Presence  de  citrate 0,2088  0,2076 

Absence  de  citrate 0,1980  0,2076 

ill  peut  arriver  qu'a  ce  moment  il  se  produise  un  leger  louche  dil  a  la  pre- 
cipitation d'alumine;  il  n'y  a  pas  lieu  de  e'en  pr6occuper,  on  ajoute  une  nou- 
velle  quantite  de  citrate  d'ammoniaque  et  on  continue  le  dosage. 
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Nous  nous  sommes  assures,  indirectement  il  est  vrai,  que  les 
substances  organiques  que  les  lies  renferment,  n'avaient  pas  d' 
influence  sensible  sur  la  precipitation  du  rac^mate;  a  cet  effet  1 
gramme  de  lie  renfermant  10,3%  d'acide  tartrique  a  et^  addi- 
tionne  de  0  gr.  1038  d'acide  tartrique  pur,  or  le  dosage  de  I'acide 
tartrique  total  nous  a  donne  0  gr.  210  au  lieu  du  nombre  theorique 
0,2064,  somme  de  Facide  tartrique  pur  et  de  I'acide  trouve  pre- 
alablement  dans  la  lie. 

II.     Cas  des  Vins.     Cidres.     Poires. 

Nous  rappellerons  seulement  pour  memoir e  les  resultats  d^ja 
publics  par  I'un  de  nous. 

La  methode  au  rac^mate  permet  le  dosage  rigoureux  d  I'acide 
tartrique  dans  les  vins  naturels  ou  pldtres^;  un  vin  synth^tique  a 
ete  analyst  par  la  methode  au  racemate  et  par  la  methode  officielle 
ainsi  qu'une  partie  de  ce  vin  pr^alablement  pl4tre. 

Les  resultats  ont  et^  les  suivants: 

Acide  tartrique  par  litre 
Methode  au  Methode 

racemate  officielle  Theorie 

Vin  non  platr^ 2  gr.  01  2  gr.  18  2  gr.  025 

(id) 2  gr.  04  2  gr.  07  (id) 

Vin  platre 2  gr.  05  1  gr.  80  (id) 

Cette  methode  a  donn6  egalement  de  tres  bons  resultats  dans 
le  dosage  de  I'acide  tartrique  dans  les  cidres,  poires  et  Minaigres^, 
ainsi  qu'il  resulte  des  analyses  suivantes  effectuees  sur  des  pro- 
duits  synthetiques.  Acide  tartrique  par  htre 

Methode  au         Methode 
racemate  officielle         Theorie 

CidreN°.  1 3,98  4,02 

Cidre  N°.  2 3,17  2,69  3,22 

Vinaigre 1,50  1,52 

En  resume  la  methode  au  racemate  pour  le  dosage  de  I'acide 
tartrique  se  presente  comme  une  methode  gen^rale  applicable 
aussi  bien  dans  le  cas  du  dosage  de  I'acide  dans  les  sels  m^talli- 
ques  que  dans  le  cas  de  produits  tres  complexes  tels  que  les  bois- 
sons  ferment^es,  les  tartres  et  les  lies. 

lA.  Kling. — Dosage  de  I'acide  tartrique  dans  les  Vins  (BuU.  de  chimie  T.  7, 
p.  569).  _     ' 

^A.  Kling  et  L.  Gobert. — Dosage  de  I'acide  tartrique  dans  les  cidres  epoir^s. 
(Ann,  de  falsif,  T.  4,  p.  185.) 


APPLICATION    DE    LA    METHODE    DE    DOSAGE    DE 
L'ACIDE  TARTRIQUE  A  L'ETAT  DE  RACEMATE 
DE    CHAUX,    AUX    CAS    DES    SOLUTIONS 
D'ETHERS    TARTRIQUES 

Par  M.  Andre  Kling,  Diredeur  du  Laboratoire  Municipal  de  la 

Ville  de  Paris  et 

E.  Gelin,  Chimiste  Controleur  au  Laboratoire  Municipal  de  la 
Ville  de  Paris 

A  I'occasion  d'un  travail  actuellement  en  cours  nous  avons 
eu  a  nous  preoccuper  de  determiner  less  quantites  respectives 
d'acide  libre  et  combine  dans  des  solutions  hydroalcooliques, 
contenant  a  la  fois  de  I'acide  tartrique  et  de  I'ether  ^thyltartrique. 

L'un  de  nous  ayant  institue  un  mode  de  dosage  de  Tacide  tar- 
trique par  precipitation  a  I'^tat  de  racemate  de  chaux,  nous 
avions  tout  d'abord  essaye  d'imaginer  un  procede  analogue 
pour  precipiter  I'acide  ethyltartrique.  A  cet  effet,  nous  avions 
prepare  de  I'acide  ethyltartrique  gauche  dans  I'espoir  qu'en 
I'ajoutant  a  I'acide  ethyltartrique  droit,  il  se  formerait  un  ra- 
cemique  ethyltartrique,  precipite  a  I'etat  de  sel  alcalino-terreux. 
Mais  nous  avons  du  renoncer  a  ce  mode  op^ratoire  qui  ne  nous 
a   pas   donne   satisfaction. 

Nous  nous  sommes  alors  rabattus  sur  la  metode  consistant  a 
doser  I'acide  tartrique  existant  soit  a  I'etat  d'acide  libre,  soit 
a  I'etat  de  sel  alcalin  par  formation  du  racemate  de  chaux  sui- 
vant  la  metode  publiee  anterieurement,  puis  a  saponifier  I'ether 
ethyltartrique  et  a  doser  sous  forme  de  racemate  I'acide  tar- 
trique droit  total. 

Partant  de  ce  principe  que  le  procede  au  racemate  s 'applique 
rigoureusement  au  cas  d  'acide  tartrique  libre  ou  a  1  'etat  de  tar- 
trate alcalin,  il  importait  de  se  rendre  compte  tout  d'abord  s'il 
en  etait  encore  de  meme  dans  le  cas  de  la  presence  simultanee 
d'acide  libre  ou  de  tartrate  alcalin  et  d 'ethers  tartriques. 

On  pouvait  craindre,  en  effet,  qu'au  des  operations  relatives 
au  dosage  de  I'acide,  une  certaine  quantite  des  ethers  ne  sublt 
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la  saponification  et  que,  de  ce  fait,  une  nouvelle  quantite  d'acide 
lib^r^  ne  vint  s'aj outer  k  celle  primitivemont  contenue  dans  la 
liqueur. 

Les  divers  essais  que  nous  avons  effectues  a  1  'aide  de  solutions 
tartriques  (rendues  acides  par  I'acide  acetique)  additionn^es 
de  quantit^s  variables  d 'Others  tartriques  (acide  ethyltartrique 
et  tartrate  neutre  d'^thyle)  nous  ont  prouve  que  nos  craintes 
n'^taient  pas  fondees  et  que,  dans  le  cas  de  solutions  acides  con- 
tenant  un  melange  d'acide  tartrique  et  d 'ether  tartrique  la  m6- 
thode  au  racemate  permettait  de  precipiter  exclusivement 
I'acide  tartrique  qui  y  ^tait  contenu  a  I'^tat  libre  ou  a  I'etat  de 
sels  alcalins. 

II  y  avait  egalement  lieu  de  se  demander  si  par  saponification, 
en  solution  tres  faiblement  alcalin,  (par  la  soude,  la  potasse  ou 
la  chaux)  et  ^tendue,  I'acide  ethyltartrique  et  le  tartrate  neutre 
d 'ethyl  r^generaient  sans  alteration  tout  I'acide  tartrique  auquel 
I'alcool  etait  combine  dans  ces  others. 

Pour  le  verifier,  nous  avons  pris  des  poids  connus  d'acide  tar- 
trique pur,  nous  les  avons  dissous  dans  I'alcool  a  96°  et  par  chau- 
ffage  en  tubes  seniles  vers  150°  pendant  48  heures,  nous  avons  de- 
termine 1 'eth^rification  partielle  du  melange.  Apres  refroidisse- 
ment  des  solutions  ainsi  obteEues,  nous  avons  ouvert  les  tubes 
scelles  et  traite  le  contenu  au  refrigerant  ascendant  par  im  petit 
exces  de  potasse  ou  de  soude,  et  ayant  acedifie  les  liqueurs  re- 
sultant par  I'acide  acetique,  nous  avons  dose  I'acide  tartrique 
a  I'etat  de  racemate. 

Nous  avons  obtenus  les  resultats  suivants: 

Acide  tartrique  Acide  tartrique 

theorie  dose 

5,15 5,12 

6,36 6,35 

7,55 7,49 

8,71 8,65 

Ces  resultats  prouvent  que  par  saponification  dans  les  con- 
ditions ci-dessus  indiquees,  la  total ite  de  I'acide  tartrique  exis- 
tant  a  I'etat  d 'ethers  se  trouve  reg^neree. 
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Application  de  la  Methode 

Nous  rappellerons  d'abord  brievement  la  technique  du  dosage 
de  I'acide  tartrique  droit. 

Pr^lever  un  volume  de  la  solution  a  analyser  tel  qu'il  contienne 
environ  0  gr.  I  a  0  gr.  2  d'acide  tartrique,  I'etendre  d'eau  a 
j^5Qcm  3  ^JQ^^gj.  25''°'.^  de  la  solution  de  tartrate  gauche  d'am- 
moniaque  a  20  gr.  1  et  20°'''  de  la  solution  d 'acetate  de  chaux 
acetique.  Laisser  reposer  |  heure,  filtrer,  laver  le  racemate  sur 
filtre  a  I'eau  froide;  crever  le  filtre  et  faire  passer  le  racemate 
au  moyen  d'un  jet  de  pissette  dans  un  vase  a  precipiter.  Laver 
le  filtre  avec  20°°'  de  la  solution  chlorhydrique  k  40  g.  1.  d'acide 
a  22°  B^.  Le  racemate  se  dissout  dans  HCl.  Etendre  a  150°°' 
avec  de  I'eau  et  ajouter  40  a  50'^°'  de  la  solution  acetique  d 'ace- 
tate de  sonde  et  de  chaux.  Apres  ebullition,  laisser  refroidir  et 
filtrer  le  racemate  de  chaux.  Dissoudre  ce  racemate  sur  le  filtre 
meme  au  moyen  d'une  solution  bouillante  d'acide  sulfurique 
a  10%.  Titrer  cette  solution  sulfurique  de  racemate  de  chaux 
avec  une  solution  de  permanganate  de  potasse  a  16  g.  1.  que  Ton 
aura  etalonnee  elle  meme  en  la  faisant  tomber  goutte  k  goutte 
dans  une  solution  sulfurique  d 'acide  tartrique  connue  maintenue 
a  1 'ebullition  comme  pour  un  dosage  d'acide  oxahque.^ 

Pour  faire  application  de  cette  methode  au  cas  de  la  presence 
simultan^e  dans  une  solution  d'acide  tartrique  ou  de  tartrate 
et  d 'ethers  tartriques,  nous  avons  commence  par  faire  de  sem- 
blables  melanges. 

A  cet  effet,  nous  avons  eth^rifi^  en  tubes  seniles,  par  chauffage 
durant  48  heures  a  150°  degres,  des  solutions  alcooUques  d'acide 
tartrique.  On  salt  que  dans  ces  conditions  la  solution  alcoolique 
partiellement  etherifiee  contient:  de  I'acide  tartrique  libre,  de 
I'acide  ethyltartrique  et  du  tartrate  neutre  d'ethyle  dans  les 
proportions  variables  suivant  les  conditions  dans  lesquelles  1  'dth6r- 
ification  a  ete  conduite. 

Afin  de  calculer  ces  proportions  nous  avons  op6re  deja  facon 
suivante : 

'11  importe  pour  obtenir  des  resultats  rigoureux  de  faire  le  titrage  du  per- 
manganate et  le  dosage  du  racemate  en  operant  dans  des  liquides  ayant  la 
meme  concentration  sulfurique.  L 'experience  montre  en  effet  que  le  volume 
de  permanganate  k  ajouter  pour  oxyder  une  meme  quantity  d'acide  tartri- 
que, varie  un  peu  avec  la  concentration  de  la  liqueur  en  acide  suKurique. 
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D^signons  par: 

a  la  quantite  d'acide  tartrique  total  introduite 
X  la  quantity  d'acide  tartrique  libre  dans  le  melange 
y  la  quantity  d'acide  tartrique  engage  k  I'^tat  d'acide  ^thyl- 
tartrique. 

z  la  quantite  d'acide  tartrique  transform^  en  ether  tartrique 
neutre. 

Nous  pouvons  d'apres  ce  qui  a  ^te  expos^  au  paragraphe  pre- 
cedent doser  I'acide  libre  en  le  precipitant  k  I'etat  de  racemate. 
Soit  C  la  proportion  %  d'acide  libre  ainsi  determin^e. 

N 
Un^  titrage  acidimetrique  effectu^  k  1  'aide  de  la  potasse  —  dont 

les  r^sultats  seront  exprimes  en  acide  tartrique  permet  de  deter- 
miner I'acidite  totale  h  due  1°,  a  I'acide  tartrique  libre  et  2°  a 
celui  combine  sous  forme  d'acide  ethyltartrique,  [I'acidite  de  ce 
dernier  C2H5  CO2  —  (CH0H)2—  CO2H  etant  la  moitie  de  celle  de 
1  'acide  CO2H  -  (CH0H)2  CO2H]. 

Or  les  valeurs  a,  b,  c,  x,  y,  z,  ci-dessus  designees  sont  relives  entre 
elles  par  le  systeme  d 'equations  suivant: 


(1) 

a=x+y+z 

(2) 

b=x  +  ^ 
2 

(3) 

c=x  = 

En  resolvant  ce 

systeme  on  obtient: 

x  = 

=c 

y= 

=  2 

(b-c) 

z  = 

=  a- 

-2b-hc 

On  voit  qu'en  principe,  la  methode  dont  nous  avons  fait  usage 
permet  dans  des  melanges  oil  n'entrent  que  de  I'acide  tartrique 
et  ses  ethers  ethyliques  de  determiner  a  la  fois  les  proportions 
d'acide  libre,  d'acide  ethyltartrique  et  d 'ether  neutre. 

iCe  titrage  par  la  potasse  —dont  etre  fait  tres  rapidement  et  a  tr^s  basse 

temperature,  vers  zero  degr6  pour  eviter  que  la  potasse  ajout6e  ne  saponifie 
les  Others  tartriques  existant  dans  le  melange. 
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Nous  1  'avons  appliquee  a  des  melanges  de  ce  genre  et  nous  avons 
obtenu   les   resultats   suivants: 

1°  Melange 
35  gr.  617  solution  tartrique  a  150  g.  1. 
54  gr,  854  alcool  absolu 
Apres  chauffage  en  tube  scelle,  il  fut  trouve: 

a  =  5,15  x  =  l,60% 

b  =  2,22  d'ou  y  =  l,24% 

c  =  l,60  z  =  2,31% 

Acide  tartrique  introduit  ....    5,15% 
Acide  tartrique  total  retrouve.  5,12% 

2°  Melange 
45  gr.   183  solution  tartrique  a  150  g.  1. 
47  gr.  520  alcool  absolu 
Apr6s  chauffage  en  tube  scelle  il  fut  trouv6: 

a  =  6,36  x  =  l,99% 

b  =  3,24  d'ou  y  =  2,50%o 

c  =  l,99  z  =  l,87% 

Acide  tartrique    total  introduit ....  6,36% 
Acide   tartrique   total   retrouve ....  6,35% 

3°  Melange 
54  gr.  780  solution  tartrique  a  150  g.  1. 
40  gr,  268  alcool  absolu 
Apres  chauffage  en  tube  scelle  il  fut  trouve: 

a  =  7,55  x  =  2,62 

b  =  4,55  d'ou  y  =  3,86 

0  =  2,62  z  =  l,07 

Acide  tartrique  total  introduit ....  7,55% 

Acide  tartrique  total  retrouve 7,49% 

4°  Melange 
65  gr.  086  solution  tartrique  a  150  g.  1. 
32  gr.  596  alcool  absolu 
Apres  chauffage  en  tube  scelle  il  fut  trouve: 

a  =  8,71  x=4,22 

b  =  6,18  d'ou  y  =  3,92 

c=4,22  2=0,57 

Acide  tartrique  total   introduit ....  8,71% 
Acide  tartrique  total  retrouve.  .  .  .8,65% 
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Mais  dans  la  pratique,  des  melanges  tels  que  ceux  mentioDnes 
ci-dessus  ne  se  pr^sentent  qu'exceptionnellement.  Le  plus  sou- 
vent,  comme  dans  le  cas  des  vins  et  autres  liquides  fermentes, 
on  se  trouve  en  presence  de  solutions  contenant:  acide  tartrique 
libre,  tartrates  acide  et  neutre,  ethers  tartriques  et  autres  sub- 
stances a  caractere  acide  plus  ou  moins  accuse.  En  pareille  oc- 
curence, il  ne  pent  plus  etre  question,  a  I'aide  des  seules  donn^es: 
acide  tartrique  total,  acide  tartrique  libre,  acidite  totale  de  re- 
soudre  le  probleme  ainsi  que  nous  I'avons  fait  dans  le  cas  simple, 
et  d'^tablir  quelles  sont  les  diverses  proportions  d 'acide  tartrique 
sous  ses  diverses  formes.  Dans  ces  cas  ce  qu'il  est  possible  d'eff- 
ectuer,  c'est  la  determination  des  proportions  d 'acide  tartrique 
libre  ou  combine  a  I'etat  de  sel,  et  de  1 'acide  existant  a  I'etat 
d'^ther   (acide  ou  neutre.) 

Pour  cela  on  commencera  d'abord  par  un  premier  dosage  di- 
rect en  formant  le  racemate  pour  determiner  1 'acide  tartrique 
existant  a  I'etat  libre  et  a  I'etat  de  sel  alcalin.  Puis  apres  une 
saponification,  par  un  nouveau  dosage  a  I'etat  de  racemate  on 
dosera  1 'acide  tartrique  total.  La  difference  entre  les  deux  r6- 
sultats  obtenus  donnera  la  proportion  d 'acide  tartrique  exis- 
tant a  retat  d 'Others. 


(Contribution  from  the  Chemical  Laboratory  of  Allegheny  College) 
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introduction:  outline  of  the  investigation 

Although  it  is  well  known  that  many  of  the  methods  which  are 
generally  used  in  quaUtative  analysis  need  revision,  apparently 
very  little  time  has  been  devoted  to  the  systematic  study  of  their 
relative  effectiveness.  It  would  seem,  therefore,  that  any  investi- 
gation which  comprehended  a  detailed  study  of  quaUtative  methods 
mth  particular  reference  to  their  accuracy  in  detecting  small 
amounts  of  the  elements  in  the  presence  of  large  amounts  of  any  or 
all  of  the  other  elements,  and  for  the  purpose  of  developing  and 
formulating  more  rehable  procedures,  would  be  of  considerable 
value  to  the  analytical  chemist. 

The  investigation  reported  in  this  paper  was  undertaken  not  for 
the  purpose  of  making  an  experimental  survey  of  all  the  quaUtative 
methods,  but  of  only  those  which  are  most  frequently  used  in 
precipitating  and  separating  the  metals  of  the  Calcium  Group, 
namely,  barium,  strontium  and  calcium. 

It  was  hoped  that  the  result  of  such  an  examination  would 
render  possible  the  selection  of  the  best  of  the  proposed  methods 
and  enable  the  formulation  of  the  conditions  best  adapted  to  secur- 
ing the  desired  end.  As  the  work  progressed,  and  larger  discrepan- 
cies among  the  recommended  procedures  than  had  been  anticipated 
were  noted,  it  became  obvious  that  although  some  methods  ought 
to  be  revised,  others  ought  to  be  rejected  and  new  ones  substituted, 
if  possible. 

The  results  of  the  investigation  are  reported  in  the  order  of 
their  dependence.    For  convenience  in  presenting  data,  the  paper 
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has  been  divided  into  three  parts:  "Precipitation  of  the  Group," 
"Analysis  of  the  Group,"  and  "Summary."  Under  each  of  the 
first  two  parts  there  is  first  presented  a  "General  Discussion"  in 
which  the  reasons  for  rejecting  certain  processes,  and  adopting 
others,  are  given.  This  is  followed  by  a  record  of  the  "Test  Ex- 
periments" which  were  performed  to  test  the  accuracy  of  a  given 
process.  Next  there  is  presented  the  "Procedure  and  Notes"  in 
which  the  various  details  of  the  adopted  procedure  are  submitted 
and  briefly  discussed. 

The  abbreviations  used  in  the  cross  references  may  be  explained 
as  follows:  G.  D.  is  used  for  General  Discussion;  P.  for  Procedure; 
N.  for  Notes;  T.  E.  for  Test  Experiments. 

The  authors  take  this  opportunity  of  expressing  their  apprecia- 
tion of  the  assistance  extended  by  Mr.  Walter  Fegley  who  co- 
operated with  them  in  carrying  out  the  experimental  details  of  the 
investigation. 

Part  I.    Precipitation  of  the  Group 

(a)  General  Discussion      (b)  Test  Experiments       (c)  Procedure 

General  Discussion 

With  respect  to  the  original  precipitation  of  the  elements  of 
this  group,  schemes  of  qualitative  analysis  differ  as  to  whether 
magnesium  should  be  precipitated  separately  or  with  this  group. 

Among  the  objections  offered  to  the  precipitation  of  magnesium 
with  the  Calcium  Group  is  the  fact  that  the  concentration  of  the 
carbonate  ions  requisite  for  the  complete  precipitation  of  magne- 
sium as  a  double  ammonium  magnesium  carbonate  [MgCOs.  (NH4)2 
CO3.4H2O],  is  so  great  that  there  is  danger  of  precipitating 
Hthium  carbonate  at  the  same  time.  Moreover,  the  analysis  of 
the  group  is  made  more  complex. 

The  majority  of  authors^  prefer  a  separate  precipitation  for 

iThose  in  Group  I  suggest  a  separate  precipitation  of  magnesium;  those  in 
Group  II  precipitate  magnesium  with  the  Calcium  Group. 

Group  I:  Qual.  Anal.-  Bailey  and  Cady,  Qual.  Anal.-  Bottger,  Wm.,  Qual. 
Anal.-  Dennis  and  Whittelsey,  Qual.  Chem.  Anal.-  Eliot  and  Storer,  Qual. 
Chem.  Anal.-  Fresenius,  C.  R.,  Qual.  Anal.-  Gooch  and  Walker,  Qual.  Chem. 
Anal.-  Hinds,  J.  D.,  Qual.  Chem.  Anal.-  Jones,  C,  Qual.  Anal.-  Morgan,  W. 
C,  Qual.  Chem.  Anal.-  Newth,  Qual.  Chem.  Anal.-  Noyes,  A.  A.,  Qual.  Anal.- 
Noyes,  Wm.  A.,  Qual.  Chem.  Anal.-  Scott,  W.  W.,  Qual.  Chem.  Anal.- 
Tower  O.  F.,  Qual.  Anal.-  Treadwell-Hall,  Qual.  Anal.-  Long,  J.  H.,  Anal. 
Chem.-Menschutkin,  N.  (trans,  by  Locke),  Qual.  Chem.  Anal.-  Perkin,  F.  M. 

Group  II :  Qual.  Chem.  Anal.-  Noyes,  Bray  and  Spear. 
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magnesium.  The  objections  offered  to  this  procedure  are  due  to 
the  difficuhies  encountered  in  securing  a  complete  precipitation  of 
barium,  strontium  and  calcium  without  precipitating  some  magne- 
sium, but  these  difficulties  may  in  a  large  measure  be  overcome  by 
a  proper  regulation  of  the  conditions  under  which  precipitation  is 
effected. 

It  has  seemed  advisable,  therefore,  to  adopt  the  method  of 
precipitating  magnesium  separate  from  the  Calcium  Group. 

The  next  problem  to  be  solved  was  the  determination  of  the 
most  reUable  group  precipitant.  A  study  of  many  of  the  procedures 
recommended  showed  that  whereas  practically  all  of  the  authors 
propose  precipitation  of  the  group  by  ammonium  carbonate  in  the 
presence  of  ammonium  chloride  and  ammonium  hydroxide,  the 
directions  vary  greatly  as  to  the  concentration  of,  and  the  quantity 
to  be  used  of  these  reagents.  See  footnote^  for  comparative  study 
of  procedures  adopted  by  various  authors. 

Again,  confusion  was  found  to  exist  in  regard  to  the  optimum 
temperature  for  precipitating  the  group  in  order  to  accomplish  its 

*  Authors  in  Group  I  suggest  the  addition  of  NH4OH  until  the  solution  is 
just  alkaline;  those  in  Group  II  fail  to  provide  for  the  use  of  NHiOH;  those  in 
Group  III  advise  the  addition  of  this  reagent  but  do  not  give  directions  con- 
cerning the  amount  to  be  used. 

Group  I:  Bailey  and  Cady,  Bottger,  Wm.,  Hinds,  J.,  Hill,  A.  E.,  Newth,  G. 
S.,  Scott,  W.  W.,  Long,  J.  H.,  Menschutkin,  N.  (transl.).  Group  II:  Tower, 
O.  F.,  Perkin,  F.  M.  Group  III:  Dennis  and  Whittelsey,  Fresenius,  C.  R., 
Jones,  C.,  Noyes,  Wm.  A.,  Treadwell-Hall. 

Authors  in  Group  I  do  not  recommend  the  use  of  NH4CI;  those  in  Group 
II  suggest  the  addition  of  NH<C1  but  do  not  specify  the  amount;  those  in 
Group  III  advise  the  addition  of  a  definite  amount  of  NHiCl. 

Group  I:  Bottger,  Wm.,  Jones,  C.,  Treadwell-Hall,  Analytical  Chemistry, 
Vol.  I,  Pg.  55,  Par.  2  ("In  the  presence  of  considerable  ammonium  chloride  and 
only  small  amounts  of  ammonium  carbonate  a  precipitate  of  calcium  often 
fails  to  form"),  Perkin,  F.  M. 

Group  II:  Bailey  and  Cady,  Dennis  and  Whittelsey,  Fresenius,  C.  R., 
Hinds,  J.  I.  D.,  Newth,  G.  S.,  Noyes,  W.  A.,  Tower,  O.  F.,  Long,  J.  H., 
Hill,  A.  E. 

Group  III:  Scott,  W.W. 

Authors  in  Group  I  advise  the  addition  of  a  stated  amount  of  (NH«)2COs  as 
the  group  precipitant;  those  in  Group  II  direct  its  addition  in  slight  excess  or 
so  long  as  a  precipitate  continues  to  form;  those  in  Group  III  specify  a  large 
excess. 

Group  I:  Scott,  W.  W.,  Hill,  A.  E. 

Group  II:  Bottger,  Wm.,  Dennis  and  Whittelsey,  Fresenius,  C.  R.,  Jones, 
C,  Newth,  G.  S.,  Noyes,  W.  A.,  Tower,  O.  F.,  Long,  J.  H.,  Perkin,  F.  M. 

Group  III:  Bailey  and  Cady,  Hinds,  J.  I.  D.,  TreadweU-HaU. 
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complete  separation  from  the  other  groups.  Some  authors^  give 
directions  for  precipitating  from  boiling  solutions;  some  from 
solutions  slightly  warm;  and  others,  precipitate  from  cold  solutions. 
It  is  obvious  that  although  the  various  authors  have  a  common 
aim,  namely,  the  complete  precipitation  of  the  group,  the  greatest 
discrepancy  exists  as  to  the  directions  for  securing  this  result. 

The  work  as  conducted  in  this  laboratory  indicates  that  pre- 
cipitation is  most  satisfactorily  accomplished  by  the  method  out- 
lined in  Procedure  I. 

The  method  of  precipitating  the  group  with  ammonium  carbo- 
nate containing  a  definite  concentration  of  CO3  ions,  from  a  cold, 
slightly  alkaline  solution  to  which  10-15  cc.  of  ammonium  chloride 
have  been  added  (providing  this  reagent  is  not  already  present  as 
the  result  of  the  precipitation  of  previous  groups)  gives  an  approx- 
imately complete  precipitation  of  barium,  strontium,  and  calcium 
as  carbonates  and  prevents  the  precipitation  of  magnesium. 
This  practically  eliminates  all  difficulties  attendant  upon  the  sepa- 
ration of  this  group,  and  is,  therefore,  satisfactory  as  a  method. 

Test  Experiments  and  References 

Series  I. — Difficulties  Encountered  in  Attempting  to  Precipitate 
Magnesium  with  the  Calcium  Group. 

After  a  few  trial  experiments  in  an  attempt  to  follow  the  pro- 
cedure of  precipitating  magnesium  with  the  Calcium  Group,  this 
method  was  rejected  on  the  grounds  that  it  possessed  no  advantages 
over  the  method  of  precipitating  magnesium  alone,  and  that  it 
made  the  analysis  of  the  group  more  complex. 

Series  II. — Determination  of  the  Most  Advantageous  Concentra- 
tion of  COz  Ions  in  the  Precipitant. 

After  making  a  considerable  number  of  exploratory  tests,  it  was 
concluded  that  the  group  precipitant  should  be  prepared  in  the 
following  manner:  Dissolve  200  gm.  of  (NH4)2C03  in  500  cc.  of 

'Authors  in  Group  I  precipitate  at  boiling  temperature;  those  in  Group  II 
direct  that  the  solution  be  gently  warmed;  those  in  Group  III  precipitate  from 
cold  solutions;  those  in  Group  IV  precipitate  from  cold  solutions  and  then 
gently  warm  the  mixture.  Group  I:  Baily  and  Cady,  Bottger,  Wm.,  Scott,  W. 
W  Tower,  O.  F.,  Perkin,  F.  M.,  Treadwell-Hall.  Group  II:  Fresemus,  C.  R., 
Ne'wth,  G.  S.,  Menschutkin,  N.  (trans,  by  Locke).  Group  III:  Noyes  and 
Bray.  Group  IV:  Dennis  and  Whittelsey,  Hill,  A.  E.,  Jones,  C.,  Long,  J.  H., 
Noyes,  W.  A. 
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strong  NH4OH  (sp.  gr.  0.90)  and  dilute  to  a  liter  with  distilled 
water. 

Series  III. — Completeness  of  Separation  of  Magnesium  from  the 
Members  of  the  Calcium  Group  as  Secured  by  the  Method  Outlined  in 
Procedure  I. 

In  the  following  series  of  experiments  the  amount  of  the  metal 
in  the  form  of  the  chloride  was  dissolved  in  distilled  water  and 
diluted  to  10  cc.  The  solution  was  then  made  slightly  alkahne 
with  (5N)  NH4OH,  and  10-15  cc.  (5N)  NH4CI  were  added. 
Precipitation  in  every  case  was  carried  out  in  the  cold  by  the  addi- 
tion of  an  excess  of  (NH4)2C03. 

A.  Magnesium 

0.10  gm.  Mg  [8.22  cc.  (IN)  MgCl2.6H20]  failed  to  give  a  pre- 
cipitate in  8  minutes. 

0.12  gm.  Mg  [4.92  cc.  (2N)  MgCl2.6H20]  gave  no  precipitate 
at  first  but  a  sUght  precipitate  formed  in  from  3-10  minutes  accord- 
ing to  the  amount  of  NH4CI  added. 

0.13  gm.  Mg  [5.34  cc  (2N)  MgCU.  6H2O]  gave  no  precipitate  at 
once  but  a  distinct  precipitate  formed  after  5-6  minutes. 

0.15  gm.  Mg  [6.17  cc.  (2N)  MgCU.  6H2O]  gave  no  precipitate 
immediately  but  a  distinct  precipitate  after  3  minutes. 

0.20  gm.  Mg  [8.22  cc.  (2N)  MgCl2.  6H2O]  gave  a  precipitate 
at  once. 

These  test  experiments  with  Mg  as  MgCl2.  6H2O  show  that  this 
metal,  unless  present  in  a  greater  quantity  than  0.13-15gm.  will 
not  interfere  with  the  precipitation  of  this  group  of  metals.  The 
presence  of  this  large  quantity  would  occur  only  rarely.  The  fore- 
going series  of  experiments,  however,  indicates  that  the  procedure 
should  not  be  interrupted  at  this  point  as  a  precipitate  forms  more 
readily  on  standing. 

B.  The  Calcium  Group 
1.  Barium. 

0.001  gm.  Ba  (1.45  cc.  N/100  BaCl2.  2H2O)  gave  no  precipitate 
on  standing  for  10  minutes. 

0.002  gm.  Ba  (1.45  cc.  N/50  sol.),  no  precipitate  separated  on 
standing  for  10  minutes. 
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0.003  gm.  Ba  (0.43  cc.  N/10  sol.;,  a  distinct  precipitate  sepa- 
rated after  1-2  minutes. 

2.  Strontium. 

0.001  gm.  Sr  (2.28  cc.  N/100  SrCl2.  6H2O)  gave  no  precipitate 
on  standing  for  10  minutes. 

0.002  gm.  Sr  (2.28  cc.  N/50  sol.),  no  precipitate  separated  on 
standing  for  10  minutes. 

0.003  gm.  Sr  (0.70  cc.  N/10  sol.),  a  distinct  precipitate  sepa- 
rated in  1-2  minutes. 

3.  Calcium. 

0.001  gm.  Ca  (4.99  cc.  N/100  CaClz.  H2O)  gave  no  precipitate 
on  standing  for  10  minutes. 

0.002  gm.  Ca  (4.99  cc.  N/50  sol.),  no  precipitate  separated  but 
the  solution  became  turbid  after  standing  for  a  few  minutes. 

0.003  gm.  Ca  (1.50  cc.  N/10  sol.),  a  distinct  precipitate  was 
obtained  after  1-2  minutes. 

This  series  of  test  experiments  shows  that  quantities  as  small  as 
0.003  gm.  of  either  Ba,  Sr,  or  Ca  are  precipitated  in  1-2  minutes. 
By  the  method  outlined,  therefore,  the  precipitation  of  these  metals 
is  practically  complete. 

Series  IV. — The  Determination  of  the  Amount  of  Ammonium 
Hydroxide  to  he  used  in  Precipitating  the  Group. 

All  the  experimental  work  relating  to  the  precipitation  of  the 
group  showed  that  the  solution  should  be  made  just  slightly  alka- 
Une  prior  to  adding  the  group  precipitant.  Too  large  an  excess  has 
a  tendency  to  precipitate  some  of  the  metals  as  hydroxides. 

Series  V. — The  Effect  of  the  Presence  of  Varying  Amounts  of 
Ammonium  Chloride  on  the  Separation  of  Magnesium  from  the 
Members  of  the  Calcium  Group. 

In  the  following  series  of  experiments  the  amount  of  the  metal 
in  the  form  of  the  chloride  was  dissolved  in  distilled  water  and 
diluted  to  10  cc.  The  solution  was  then  made  slightly  alkaline 
with  (5N)  NH4OH,  and  an  excess  of  (NH4)2C03  added.  Precipita- 
tion in  every  case  was  made  from  cold  solutions. 
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A.  Effect  upon  Magnesium 

1.  In  the  presence  of  5  cc.  of  5N  NHa  CI, 

0.03  gm.  Mg  (2.47  cc.  IN  MgCU.  6H2O)  gave  no  precipitate  on 
standing  10  minutes. 

0.04  gm.  Mg  (3.29  cc.  ofjsol.)  gave  a  slight  precipitate  after 
10  minutes. 

0.05  gm.  Mg  (4.11  cc.  of  sol.)  gave  a  very  slight  precipitate  imme- 
diately. 

0.06  gm.  Mg  (4.92  cc.  of  sol.)  gave  a  heavy  precipitate  at  once. 

2.  In  the  Presence  of  10  cc.  of  5N  NHiCl 

0.10  gm.  Mg  (8.22  cc.  IN  MgCl2.  6H2O)  failed  to  give  a  precip- 
itate on  standing  8  minutes. 

0.12  gm.  Mg  (4.93  cc.  2N  sol.)  gave  a  slight  precipitate  on  stand- 
ing 3  minutes. 

0.15  gm.  Mg  (6.17  cc.  of  2N  sol.)  gave  no  precipitate  at  once  but 
a  distinct  precipitate  in  3  minutes. 

0.20  gm.  Mg  (8.22  cc.  of  2N  sol.)  gave  a  heavy  precipitate  at 
once. 

3.  In  the  Presence  of  15  cc.  of  5N  NH^Cl. 

0.12  gm.  Mg  (4.93  cc.  of  2N  MgCl2.  6H2O)  gave  no  precipitate 
at  once  but  a  slight  precipitate  after  9  minutes.  (After  this  precip- 
itate had  stood  for  10  minutes,  it  could  not  be  distinguished  with 
regard  to  size  from  the  one  in  the  experiment  in  which  the  same 
amount  of  Mg  was  present  but  to  which  only  10  cc.  5N  NH4CI 
were  added.) 

0.13  gm.  Mg  (5.34  cc.  of  2N  [sol.)  gave  no  precipitate  at  first 
but  a  distinct  precipitate  separated  after  6  minutes.  (Results  ob- 
tained in  this  test  experiment  were  practically  identical  with  those 
in  the  experiment  in  which  the  same  amount  of  Mg  was  used  but 
10  cc.  of  5N  NH4CI  were  present.) 

4.  In  the  Presence  of  20  cc.  of  5N  NHiCl 

0.12  gm  Mg  (4.93  cc.  of  2N  MgCla.  6H2O)  gave  no  precipitate 
at  first  but  a  small  precipitate  separated  after  10  minutes.  (Re- 
sults with  0.12  gm.  Mg  were  practically  identical  when  using  either 
10,  15,  or  20  cc.  of  5N  NH4CI.) 

These  experiments  show  that  when  working  with  a  solution 
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diluted  to  10  cc.  the  addition  of  an  equal  volume  of  5N  NH4CI  is 
effective  in  holding  in  solution  0.15  gm.  Mg,  whereas  the  addition 
of  but  5  cc.  5N  NH4CI  is  effective  in  holding  in  solution  but  0.04 
gm.  Mg.  The  addition  of  either  10,  15,  or  20  cc.  of  5N  NH4CI 
gave  practically  identical  results.     (Cf.  P.  I.) 

B.  Effect  upon  Barium,  Strontium,  and  Calcium 

1.  In  the  presence  of  no  NHiCL 

0.001  gm.  each  of  Ba,  Sr,  and  Ca,  as  chlorides  gave  no  precipitate 
on  standing  for  10  minutes. 

0.002  gm.  each  of  the  three  metals,  as  chlorides  gave  no  precipi- 
tate in  10  minutes.  However,  the  solution  containing  the  Ca 
became  sUghtly  turbid. 

0.003  gm.  of  either  one  of  the  three  metals  as  chlorides  gave  a 
distinct  precipitate  after  3  minutes. 

0.005  gm.  of  either  one  of  the  three  metals  as  chlorides  yielded  a 
heavy  precipitate  at  once. 

2.  In  the  Presence  of  10  cc.  of  5N  NHiCl. 

0.002  gm.  of  either  Ba,  Sr,  or  Ca,  as  chlorides,  gave  no  pre- 
cipitate on  standing  for  10  minutes. 

0.003  gm.  of  either  Ba,  Sr,  or  Ca,  as  chlorides,  gave  a  distinct 
precipitate  after  1  minute. 

The  results  of  this  portion  of  the  investigation  tend  to  show, 
therefore,  that  the  precipitation  of  the  members  of  the  Calcium 
Group  is  unaffected  by  the  addition  of  5N  NH4CI  in  quantities  up 
to  and  including  an  equal  volume. 

Series  VI. — The  Effect  of  Temperature  on  the  Separation  of  Mag- 
nesium from  the  Calcium  Group. 

In  the  following  series  of  experiments  the  specified  amount  of 
the  metal  in  the  form  of  the  chloride  was  dissolved  in  distilled 
water  and  diluted  to  10  cc.  The  solution  was  made  slightly  alkaline 
with  5N  NH4OH,  and  10-15  cc.  of  5N  NH4CI  were  added.  Pre- 
cipitation was  then  effected  by  the  addition  of  an  excess  of  the 
special  reagent  (NH4)2C03.     (Cf.  T.  E.,  Series  11.) 
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A.  Magnesium 

1.  Precipitation  at  Boiling  Tempefature. 

0.06  gm.  Mg  (4.92  cc.  of  IN  MgCl2.  6H2O)  gave  no  precipitate. 

0.07  gm.  Mg  (5.75  ec.  of  IN  sol.)  gave  a  distinct  precipitate 
which  dissolved  after  the  solution  was  boiled  for  2.5  minutes, 
with  frequent  shaking. 

0.10  gm.  Mg  (8.22  cc  of  IN  sol.)  gave  a  heavy  precipitate  which 
did  not  appreciably  dissolve  when  heated  for  30  minutes  at  a  tem- 
perature of  75°-80°  C.  The  precipitate  dissolved,  however,  after 
being  boiled  vigorously,  with  frequent  shaking,  for  3.5  minutes. 

0.12  gm.  Mg  (9.86  cc.  of  IN  sol.)  gave  a  heavy  precipitate  which 
would  not  dissolve  when  heated  at  a  temperature  of  75°-80°  C. 
The  precipitate  dissolved,  however,  after  being  boiled  hard,  with 
frequent  shaking,  for  4-5  minutes.  Several  duphcates  of  this  test 
were  made. 

2.  Precipitation  in  the  Cold. 

0.07  gm.  Mg  (5.75  cc.  of  IN  MgC]2.  6H2O)  gave  no  precipitate 
on  standing  for  30  minutes.  A  slight  precipitate  separated,  however, 
when  the  temperature  of  the  solution  was  raised  to  90-100°  C. 

0.10  gm.  Mg  (8.22  cc.  of  IN  sol.)  gave  no  precipitate  on  standing 
for  8  minutes.  However,  when  the  solution  was  brought  just  to 
boiling,  a  heavy  precipitate  separated  which  dissolved  only  after 
being  boiled  hard  for  3-4  minutes. 

0.12  gm.  Mg  (4.93  cc.  of  2N  sol.)  gave  no  precipitate  at  first. 
A  slight  precipitate  formed  after  3  minutes.  A  heavy  precipitate 
separated  at  once  if  the  solution  was  warmed. 

0.15  gm.  Mg  (6.17  cc.  of  2N  sol.)  gave  no  precipitate  at  first,  but 
a  distinct  precipitate  separated  after  3  minutes. 

0.20  gm.  Mg  (8.22  cc  of  2N  sol.)  gave  a  large  precipitate  at  once. 

Conclusions:  The  foregoing  set  of  test  experiments  with  equal 
volumes  of  solutions  containing  various  amounts  of  Mg,  as  the 
chloride,  at  boiling  temperatures  and  in  the  cold,  shows  conclusively 
that  the  Mg  is  precipitated  far  more  readily  at  boiUng  temperatures 
or  even  on  being  warmed  than  in  the  cold.  This  conclusion  is 
directly  opposite  to  the  one  reached  by  practically  all  of  the  authors 
who  were  consulted.  In  the  cold,  it  was  not  difficult  to  keep  0.12 
gm.-0.15  gm.  Mg  in  solution,  but  on  boiling  or  warming  the  solu- 
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tion  either  before  or  after  the  addition  of  the  precipitant,  a  distinct 
precipitate  was  obtained  when  working  with  quantities  of  Mg  as 
small  as  0.07  gm.  Even  slight  precipitates  of  Mg  failed  to  dissolve 
when  heated  for  30  minutes  at  from  70-80°  C.  Precipitates  kept 
at  a  temperature  just  below  the  boiling-point  for  3-5  minutes  did 
not  appear  to  dissolve.  Furthermore,  these  experiments  show  that 
precipitates  of  Mg  dissolved  only  after  being  boiled  vigorously, 
with  frequent  shaking,  for  4-6  minutes;  at  the  end  of  this  time  the 
precipitate  dissolved  suddenly,  presumably  as  the  result  of  hydro- 
lytic  action. 

B.  The  Calcium  Group 

Sets  of  test  experiments  with  small  amounts  each  of  Ba,  Sr,  and 
Ca,  in  the  form  of  chlorides,  were  conducted  under  conditions 
similar  to  those  of  the  experiments  with  Mg.  Although  it  was 
found  that  the  precipitates  were  sUghtly  heavier  in  warm  solutions, 
yet  it  was  easily  possible  to  detect  0.003  gm.  of  any  of  these  ele- 
ments in  the  cold.  As  this  was  also  the  smallest  amount  that  could 
be  detected  when  the  solutions  were  warmed  or  boiled,  either 
before  or  after  the  addition  of  the  precipitant,  the  conclusion  is 
that  temperature  has  no  disturbing  effect  on  the  precipitation  of 
these  three  metals  as  outhned  in  the  adopted  procedure.  (Cf .  P.  I.) 

Conclusions:  This  series  of  experiments  indicates  that  in  order 
to  secure  the  most  favorable  conditions  for  the  complete  separation 
of  Mg  from  the  Calcium  Group,  the  solution  should  be  kept  cold 
throughout  the  precipitation  of  the  group. 

Part  I.    Precipitation  op  the  Group 
Adopted  Procedure,  and  Notes 

Procedure  I. — To  the  cold  solution,  which  should  have  a  volume 
of  approximately  10  cc,  add  an  equal  volume  of  5N  NH4CI  solu- 
tion, and  then  5  cc.  in  excess  (providing  this  reagent  is  not  already 
present),  and  sufficient  5N  NH4OH  to  make  the  solution  alkaline. 
To  this  mixture  (cold)  add  an  equal  volume  of  (NH4)2C03  solution 
(special  reagent^)  and  then  3-5  cc.  in  excess.  Shake  the  mixture 
for  one  minute.  Filter,  and  test  the  filtrate  for  traces  of  Ba,  Sr,  and 
Ca  by  the  addition  of  a  few  drops  of  the  precipitant.    Wash  the 

'See  T.  E.,  Series  II  for  the  method  used  in  preparing  this  reagent. 
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precipitate  into  the  tip  of  the  filter  with  cold,  distilled  water  to 
which  a  little  (NH4)2C03  reagent  has  been  added.  The  filtrate  may 
contain  Mg  ions  and  ions  of  the  metals  of  Group  VI.  For  the 
analysis  of  the  group  precipitate  see  Procedure  II. 

Note  1. — If  the  previous  groups  have  been  sought,  the  filtrate 
from  Group  IV  may  be  colored  by  the  presence  of  (NH4)2S  or  some 
of  the  members  of  the  previous  groups  soluble  in  that  reagent,  or  in 
NH4OH.  If  so,  a  few  drops  of  HC2H3O2  should  be  added  and  the 
solution  boiled  until  the  H2S  formed  by  the  decomposition  of  the 
(NH4)2S  has  been  expelled  and  the  solution  rendered  colorless. 
The  solution  is  then  concentrated  to  approximately  10  cc,  and  any 
residue  filtered  off  and  rejected  before  proceeding  with  the 
analysis. 

£. — Providing  the  previous  groups  have  been  sought,  the  proper 
concentration  of  NH4CI  will  ordinarily  be  present  in  the  solution. 
(See  T.  E.,  Series  V.) 

3. — Avoid  a  large  excess  of  NH4OH  in  making  the  solution  alka- 
line.   (See  T.  E.,  Series  IV.) 

4. — It  is  important  that  the  solution  be  maintained  cold  through- 
out the  precipitation  of  the  group.    (Compare  T.  E.,  Series  VI.) 

Part  II.  Analysis  of  the  Group 

(a)  General  Discussion. 

(b)  Test  Experiments  and  References. 

(c)  Adopted  Procedure  and  Notes. 

General  Discussion 
In  separating  barium  from  the  other  members  of  the  Calcium 
Group,  it  seemed  advisable  to  follow  the  well-known  and  almost 
universal  method  of  precipitating  it  as  barium  chromate.  This 
procedure  is  based  upon  the  order  of  rapidly  increasing  solubilities 
of  the  chromates  of  barium,  strontium,  and  calcium.  Barium 
chromate  is  practically  insoluble  in  water  (0.0038  gm.  to  the  Uter), 
thus  differing  from  strontium  chromate  which  is  moderately  solu- 
ble (1.2  gm.  to  the  liter),  and  calcium  chromate  which  is  quite 
soluble.  All  of  these  chromates  are  soluble  in  the  strong  mineral 
acids,  but  barium  chromate  alone  is  only  slightly  soluble  in 
acetic  acid,  while  the  chromates  of  strontium  and  calcium  are  easily 
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soluble  in  that  reagent.  In  order,  therefore,  to  finally  effect  a 
complete  separation  of  barium  from  strontium  and  calcium,  hydro- 
chloric or  nitric  acid  must  not  be  used  in  place  of  acetic  acid  to 
dissolve  the  group  precipitate,  for  only  in  the  presence  of  the  ace- 
tate ion  or  the  anion  of  a  similar  weak  acid  is  the  precipitation  of 
barium  practically  complete. 

Although  the  precipitation  of  barium  as  a  chromate  seems  to  be 
the  established  method,  this  scheme  of  analysis  appears  to  differ 
from  the  majority  of  them  in  the  choice  of  the  precipitant.  That 
is,  the  precipitation  of  barium  as  barium  chromate  is  usually 
effected  by  the  use  of  a  solution  of  the  dichromate  of  potassium 
instead  of  the  chromate  of  that  metal,  the  use  of  which  is  recom- 
mended in  this  paper.  The  explanation  of  the  formation  of  a 
chromate  when  the  dichromate  reagent  is  used  is  based  upon  the 
fact  that  the  dichromate  ion  reacts  with  water  forming  chromate 
ions;  _  _         + 

CrsOy  +  H2O  =  2Cr04  +  2H. 

The  usual  procedure,  when  viewed  from  the  standpoints  of  the 
mass  law  and  of  ion  effects,  rests  upon  the  theory  which  takes  into 
account  that  acetic  acid  is  but  slightly  dissociated,  and  that  yellow, 
alkaline  chromate  solutions  are  transformed  into  red  dichromates 
when  made  only  slightly  acidic. 

That  potassium  dichromate,  however,  is  not  entirely  satisfactory 
as  a  precipitant  for  barium  is  admitted  by  some  of  the  analysts 
who  adhere  to  the  use  of  it.  For  example,  Bottger  who  uses  this 
reagent,  says:  "Apparently  potassium^ chromate  would  furnish  a 
more  efficient  means  of  separating  the  barium  ion,  since  its  solutions 
contain  only  chromate  ion.  It  would  also  precipitate  strontium 
ion,  however,  and  hence  is  not  used  as  a  reagent  for  Ba.^" 

By  an  inspection  of  the  test  experiments  which  follow,  it  may 
be  seen  that  the  difficulties  attendant  on  the  use  of  potassium 
chromate  have  been  overcome  in  an  entirely  satisfactory  manner 
by  the  methods  proposed  in  this  paper.  When  working  with  0.003 
gram  of  barium,  which  appears  to  be  the  smallest  quantity  of  that 
substance  which  can  be  detected  by  the  most  accurate  methods  of 
group  precipitation,  conclusive  confirmatory  tests  were  easily 
obtained.     (Compare  T.  E.,  Series  VII.) 

'Bottger,  W.,  The  Principles  of  Qualitative  Analysis,  par.  97,  pg.  115. 
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The  accuracy  with  which  barium  may  be  separated  from  stron- 
tium and  calcium  by  the  use  of  potassium  chromate  was  further 
evidenced  by  the  fact  that  in  experiments  where  a  saturated  solu- 
tion of  barium  chloride  was  used,  the  tests  for  strontium  and 
calcium  were  not  interfered  with  in  the  slightest  degree.  (See  T. 
E.,  Series  VIII.)  On  the  other  hand,  the  presence  of  a  large  con- 
centration of  strontium  and  calcium  ions  caused  no  confusion  in 
confirming  barium.    (See  T.  E.,  Series  XII,  and  Series  XIV.) 

The  comparatively  recent  work  of  Caron  and  Raquet^  practically 
confirms  our  conclusions  with  regard  to  the  choice  of  reagents. 
They  found  in  their  study  of  different  reagents  with  respect  to 
their  accuracy  in  detecting  and  removing  barium  from  strontium 
salts  that  one  part  of  barium  may  be  detected  in  the  presence  of  one 
hundred  and  fifty  parts  of  strontium  by  the  use  of  potassium 
di  chromate  and  that  one  part  of  barium  in  the  presence  of  fif- 
teen thousand  parts  of  strontium  may  be  detected  by  the  use 
of  potassium  chromate.     (See  T.  E.,  Series  VIII.) 

The  method  followed  in  securing  the  separation  of  strontium 
from  calcium  departs  markedly  from  the  customary  procedure. 
The  method  is  based  upon  the  difference  in  solubility  of  strontium 
chromate  and  calcium  chromate  in  mixtures  of  water  and  ethyl 
alcohol.  Only  one  or  two  schemes  of  analysis  were  found  in  which 
this  principle  was  utiHzed  in  effecting  the  separation,  and  in  these, 
results  were  obtained  only  after  the  carrying  out  of  a  long  and 
circuitous  procedure.  The  details  of  the  adopted  procedure  are 
given  in  Procedures  IV  and  V.  The  experimental  data  concerning 
the  delicacy  of  the  test  relative  to  strontium  proved  that  quan- 
tities as  small  as  0.003  gram  may  be  confirmed  easily.  The  results 
of  the  experiments  with  saturated  solutions  of  strontium  chloride 
(T.  E.,  Series  XII)  indicate  that  the  tests  for  either  barium  or 
calcium  are  not  rendered  less  accurate  by  the  presence  of  a  large 
concentration  of  strontium  ions. 

The  procedure  outlined  in  this  paper  provides  for  the  precipita- 
tion of  calcium  as  an  oxalate  from  an  alkaline  solution,  and  for  its 
confirmation  as  calcium  sulphate  in  the  presence  of  a  relatively 
large  quantity  of  ethyl  alcohol.  Calcium  oxalate  is  practically 
insoluble  in  water  (0.006  gm.  per  liter  at  20°  C.)  or  in  alkaline 

'Bui.  soc.  Chim.,  3-4,  483-93  (1908) ;  Chem.  Abstracts,  2,  1940  (1908) 
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solution.  It  is  converted  into  calcium  sulphate  which  is  insoluble 
in  alcohol,  by  sulphuric  acid.  A  set  of  test  experiments  (T.  E., 
Series  XIII)  supplied  conclusive  proof  that  quantities  of  calcium 
as  small  as  0.003  gram  may  readily  be  confirmed.  The  results 
obtained  from  another  set  of  test  experiments  indicate  that  the 
tests  for  barium  and  strontium  are  not  interfered  with  by  the  pres- 
ence of  relatively  large  quantities  of  barium  and  strontium  (T.  E., 
Series  XIV). 

Test  Experiments  and    References 

Series  VII. — The  Precipitation  of  Barium  as  Barium  Chro- 
mate.     The  Delicacy  of  the  Test. 

After  making  several  exploratory  tests  the  following  experiment 
was  performed:  0.003  gm.  of  Ba  (0.45  cc.  N/10  BaCl2.  2H2O) 
which  is  the  least  quantity  of  this  metal  that  can  be  precipitated  by 
the  group  precipitant,  was  treated  according  to  Procedure  II.  A 
distinct  yellow  precipitate  of  BaCr04  separated  at  once.  Attempts 
to  further  confirm  this  test  by  dissolving  the  precipitate  in  2  cc.  of 
cone.  HCl  (sp.  gr.  1.12)  and  reprecipitating  the  Ba  as  BaS04  by 
the  use  of  a  saturated  solution  of  CaS04,  were  not  always  successful. 
The  Ba  was  easily  confirmed,  however,  by  the  flame  test. 

In  a  similar  experiment  in  which  0.005  gm.  of  Ba  (0.72  cc.  N/10 
BaCl2.  2H2O)  was  used,  the  Ba  was  readily  confirmed  as  BaS04. 

Series  VIII. — Solubility  of  Barium,  Strontium,  and  Calcium 
Chromates  in  Water  and  in  Mixtures  of  Water  and  Acetic  Add. 
Effect  of  Temperature  on  Solubility. 

1  part  of  BaCr04  is  soluble  in  263,160  parts  of  H2O  at  18°— Kohl- 
rausch  and  Rose,  Z.  phys.  Chem.,  12,  241. 

1  part  of  SrCr04  is  soluble  in  840  parts  of  H2O. — Meschezerski, 
Z.  anal.  Chem.,  21,  "d^^. 

1  part  of  CaCr04  is  soluble  in  34  parts  of  H2O. — Schwarz,  Dingl., 
198,  159. 

1  part  of  BaCr04  is  soluble  in  3670  parts  of  5%  HC2H3O2. 

1  part  of  BaCr04  is  soluble  in  1986  parts  of  10%  HC2H3O2.— 
Schweitzer,  by  Fresenius,  Z.  anal.  Chem.,  29,  414. 

BaCr04  is  practically  insoluble  in  4N  HC2H3O2  at  100°.— Test 
experiments  by  the  authors. 

1  part  of  SrCr04  is  soluble  in  63.7  parts  of  1%  HC2H3O2.— 
Fresenius. 
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SrCr04is  readily  soluble  in  4N  HC2H3O2  at  100.— Test  experi- 
ments by  the  authors. 

CaCr04  is  very  easily  soluble  in  warm  4N  HC2H3O2. 

Considerable  difficulty  was  experienced  in  determining  the  con- 
centration of  acid  best  adapted  to  securing  the  complete  separation 
of  barium.  The  results  obtained  from  a  long  series  of  qualitative 
tests  and  a  number  of  quantitative  determinations  prove  that  the 
use  of  4N  HC2H3O2  as  directed  in  P.  II  effects  a  practically  com- 
plete separation  of  Ba  from  Ca  and  Sr. 

Series  IX. — Effect  of  the  Presence  of  HCl  or  HNO3  on  the  Separa- 
tion of  Barium. 

The  group  precipitate  must  not  be  dissolved  in  a  strong  acid 
Hke  HCl  or  HNO3  as  the  presence  of  small  quantities  of  these  acids 
prevents  the  complete  precipitation  of  Ba  as  BaCr04.  As  the  car- 
bonates of  the  metals  of  this  group  are  soluble  in  warm  4N  HC2H3O2 
no  difficulty  is  encountered. 

Series  X. — The  Separation  of  Barium  from  Strontium  and 
Calcium. 

The  following  experiments  were  performed  in  order  to  ascertain 
the  accuracy  with  which  the  separation  of  variable  amounts  of  Ba 
from  variable  amounts  of  Sr  and  Ca  may  be  effected. 

A  solution  containing  200  mgm.  of  Ba  (10  cc.  2N  BaCl2.  2H2O — 
a  saturated  solution)  was  treated  according  to  P.  I,  II,  III,  IV, 
and  VI.    Perfect  blanks  were  obtained  in  the  tests  for  Sr  and  Ca. 

A  solution  containing  3  mgm.  of  Ba  as  BaCl2,  500  mgm.  of  Sr  as 
SrCl2,  and  200  mgm.  of  Ca  as  CaCU  was  diluted  to  10  cc.  and 
treated  according  to  P.  I,  II,  and  III.  This  experiment  was  re- 
peated several  times.  Although  it  was  possible  to  confirm  the  Ba 
in  each  experiment  by  the  flame  test,  the  attempts  to  reprecipitate 
and  confirm  it  as  BaS04  were  not  always  successful. 

The  accuracy  with  which  Ba  may  be  separated  from  Sr  (the 
only  metal  hkely  to  interfere  with  the  test)  by  the  use  of  the  rea- 
gent K2Cr04  is  indicated  by  the  work  of  H.  Caron  and  D.  Raquet, 
Bull.  soc.  chim.,  S-4,  483-93.  The  effects  of  different  reagents 
were  studied  with  respect  to  their  accuracy  in  detecting  and  remov- 
ing Ba  from  Sr  salts.  The  results  are  best  shown  by  the  following 
table. 
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Reagents 
HaSiFs 

Parts  Ba  which 
may  be  detected 

1/2,500 
1/30,000 
1/100,000 
1/2,500,000 

Parts  Ba  which  may  be 

detected  in  proportion  to 

the  amt.  of  Sr  present 

1/15 

1/50 

1/150 

1/15000 

SrS04  . 
♦KaCrgOT 
*K2Cr04 

Series  XI. — The  Solubility  of  Strontium  Chromate  and  Calcium 
Chromate  in  Water  and  in  Mixtures  of  Water  and  Alcohol. 

For  the  solubility  of  SrCr04,  and  CaCr04  in  H2O,  see  the  pre- 
ceding series  of  test  experiments. 

100  gms.  of  ethyl  alcohol  (29%)  at  15°  dissolves  0.0132  gm.  of 
SrCr04; 

100  gms.  of  ethyl  alcohol  (53%)  at  15°  dissolves  0.002  gm.  of 
SrCr04; 

100  cc.  of  ethyl  alcohol  (29%)  at  15°  dissolves  1.206  gm.  of 
CaCr04; 

100  cc.  of  ethyl  alcohol  (53%)  at  15°  dissolves  0.88  gm.  of 
CaCr04.— Fresenius,  Z.  anal.  Chem.,  30,  672  (1891). 

According  to  Mylius  and  Wrochem. — Wiss.  Abh.  p.  t.  Reichsan- 
stalt,  3,  462  (1900)  (c/.  Seidell,  Solubilities,  pg.  90)— the  solubiUty 
of  CaCr04  decreases  with  rising  temperature;  on  the  other  hand,  the 
solubiHty  of  SrCr04  increases  with  rising  temperature.  Therefore, 
the  separation  is  most  satisfactorily  accompUshed  at  the  usual 
temperature  of  the  laboratory.  W.  Fresenius  and  Rupert,  however, 
suggest  70°  as  the  optimum  temperature  at  which  to  conduct  the 
separation. 

Series  XII. — The  Separation  of  Strontium  and  Calcium  as  Chro- 
mates  by  a  Mixture  of  Water  and  Alcohol. 

W.  Fresenius  and  Rupert  were  probably  the  first  investigators  to 
suggest  this  method  as  of  possible  use  in  quaUtative  analysis. 
Caron  and  Raquet,  Bull.  soc.  chim,  (3),  35,  1060-1070  (1906),  have 
also  suggested  a  similar  method.  Although  the  principle  of  the 
method  proposed  in  this  paper  is  very  similar  to  that  of  the  pre- 
ceding writers,  the  procedure  is  quite  different. 

After  a  careful  examination  of  the  tables  relating  to  the  solubil- 
ity of  the  chromates  of  Sr  and  Ca  in  mixtures  of  water  and  alcohol, 
a  series  of  test  experiments  were  undertaken  in  the  effort  to  ascer- 
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tain  the  volume  of  alcohol  to  be  added  to  the  filtrate  from  the  Ba 
separation  in  order  to  precipitate  Sr  alone.  The  results  of  these 
tests  showed  that  the  addition  of  an  equal  volume  of  ethyl  alcohol 
(95%)  to  the  filtrate  previously  made  shghtly  alkaline  effected  a 
practically  complete  precipitation  of  Sr,  but  did  not  throw  CaCr04 
or  K2Cr04  out  of  solution. 

Series  XIII. — The  Precipitation  of  Strontium  as  Strontium  Chro- 
mate.     The  Delicacy  of  the  Test. 

A  solution  containing  0.003  gm.  of  Sr  (0.70  cc.  N/10  SrCla.  6H2O) 
was  diluted  to  10  cc.  and  tested  according  to  P.  I,  II,  IV,  and  V. 
A  comparatively  heavy,  yellow,  precipitate  was  obtained  and 
identified  as  SrCr04. 

Series  XIV. — The  Completeness  of  the  Separation  of  Strontium 
from  Barium  and  from  Calcium. 

A  solution  containing  900  mgm.  of  Sr  (10.26  cc.  2N  :SrCl2.6H20— 
a  saturated  solution)  was  tested  for  Ba  and  Ca  according  to  the 
procedures  recommended  in  this  paper.  A  perfect  blank  was  ob- 
tained for  Ba;  but  a  slight  turbidity  appeared  in  the  test  for  Ca. 
It  was  impossible,  however,  to  confirm  the  Ca  by  the  use  of  H2SO4. 

The  previous  experiment  was  repeated  several  times  with  similar 
results. 

A  solution  containing  800  mgm.  of  Sr  when  tested  as  in  the  pre- 
ceding cases,  gave  perfect  blanks  for  both  Ba  and  Ca. 

The  conclusions  drawn  from  this  series  of  experiments  are  as 
follows:  (a)  The  presence  of  a  large  concentration  of  Sr  ions 
does  not  interfere  with  the  tests  for  Ba  and  Ca.  (b)  A  slight  tur- 
bidity in  the  case  of  the  test  for  Ca  ought  never  to  be  confused 
with  the  white,  readily-forming  precipitate  of  CaS04.  Moreover, 
the  confirmatory  test  for  Ca  as  CaS04  eliminates  the  likelihood  of 
the  Ca  test  being  interfered  with  by  Sr  ions. 

Series  XV. — The  Precipitation  of  Calcium  as  Calcium  Oxalate  and 
Its  Confirmation  as  Calcium  Sulphate.     The  Delicacy  of  the  Test. 

Calcium  oxalate,  Ca(C00)2  H2O,  is  very  difficultly  soluble  in 
H2O,  but  readily  soluble  in  a  mixture  of  one  volume  of  concentrated 
H2SO4  and  three  volumes  of  H2O.  The  Ca  may  be  precipitated 
almost  quantitatively  from  the  acid  solution  by  the  addition  of  two 
or  three  volumes  of  alcohol. 

According  to  Richards,  McCaffrey,  and  Bisbee — Z.  anorg.  Chem., 
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28,  85  (1901)  (c/.  Seidell,  Solubilities,  95),  100  cc.  of  HjO  at  95** 
dissolve  0.0014  gm.  of  CaC204. 

It  was  found  that  the  precipitation  of  Ca  was  more  accurate  and 
rapid  when  the  precipitant,  IN  (NH4)2C202,  is  added  to  a  hot  solu- 
tion than  when  it  is  added  to  a  cold  solution.  Furthermore,  the 
precipitate  is  in  a  better  condition  for  rapid  filtration.  If  Ca  is 
present  in  a  solution,  the  precipitate  usually  forms  at  once. 

The  accuracy  of  the  proposed  method  was  determined  by  testing 
a  solution  containing  0.003  gm.  of  Ca  (1.50  cc.  N/10  CaCl2.  H2O) 
according  to  P.  I,  II,  IV,  and  VI.  The  precipitate  which  formed  at 
once  was  heavy  and  easily  confirmed  by  the  use  of  H2SO4  and 
alcohol. 

Series  XVI. — The  Completeness  of  the  Separation  of  Calcium  from 
Barium  and  Strontium. 

With  a  view  to  ascertaining  if  a  large  concentration  of  Ca  ions 
interferes  with  the  tests  for  Ba  and  Sr,  a  solution  containing  800 
mgm.  of  Ca  (10  cc.  4N  CaCl2.  H2O — practically  a  saturated  solu- 
tion) was  examined  according  to  the  procedures  adopted.  Perfect 
blanks  were  obtained  for  both  Ba  and  Sr. 

Series  XVII. — Relative  to  the  Accuracy  and  General  Utility  of  the 
Proposed  Methods. 

More  than  100  students  doing  work  in  this  laboratory  in  Quali- 
tative Analysis  during  the  past  two  years  have  used  the  methods 
proposed  in  this  paper,  and  apparently  have  encountered  no  diffi- 
culties in  following  the  procedures.  Unknown  mixtures  particu- 
larly difficult  of  analysis  have  been  given  to  the  students  in  order 
to  test  the  accuracy  and  utility  of  the  methods.  The  instructor  in 
charge  of  the  work  reports  an  unusually  small  percentage  of  fail- 
ures. This  is  probably  due  to  the  fact  that  a  moderate  change  in 
the  conditions  of  precipitation  does  not  greatly  alter  the  accuracy 
of  the  methods. 

Adopted  Procedure  and  Notes 

Procedure  II. — The  group  precipitate  (P.  I.)  consists  of  BaCOs, 
SrCOs,  and  CaCOa.  If  the  precipitate  is  small,  dissolve  it  on  the 
filter  by  pouring  repeatedly  through  the  filter  10-20  cc.  of  hot 
4N  HC2H3O2,  and  wash  the  filter  with  5  cc.  of  water.  (If  the  precipi- 
tate is  large,  transfer  it  to  a  beaker,  dissolve  in  the  least  quantity 
of  hot  4N  HC2H3O2,  and  add  5  cc.  of  water.)     Make  the  solution 
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slightly  alkaline  with  NH4OH,  then  add  5-6  ec.  of  4N  HC2H3O2. 
Heat  to  boiling,  add  IN  K2Cr04  solution  (10-15  ce.  are  usually 
sufficient),  a  few  drops  at  a  time,  until  precipitation  is  complete, 
shake  thoroughly,  then  boil  the  mixture  for  1  minute.  Filter,  even 
though  the  solution  shows  no  e\idence  of  the  presence  of  a  precipi- 
tate. Remove  the  filtrate,  and  wash  the  precipitate  thoroughly 
^ith  cold  water.  A  pale  yellow  precipitate  indicates  the  presence 
of  Ba.  For  the  confirmation  of  the  precipitate,  see  P.  Ill;  for  the 
subsequent  treatment  of  the  filtrate,  see  P.  IV. 

Notes — 1.  All  the  carbonates  of  this  group  are  soluble  in  hot  4N 
acetic  acid.  In  order  to  effect  a  complete  separation  of  Ba  from 
Sr  and  Ca,  HCl  or  HXO3  must  not  be  used  in  place  of  the  acetic 
acid,  for  only  in  the  presence  of  the  acetate  ion  or  the  anion  of  a 
similar  weak  acid  is  the  precipitation  of  Ba  practically  complete. 

2.  Although  the  acetic  acid  is  added  to  prevent  the  precipitation 
of  SrCr04  a  large  excess  is  to  be  avoided  as  sufficient  BaCr04  may 
be  dissolved  to  interfere  with  the  tests  for  Sr  and  Ca. 

3.  It  is  ad\asable  to  precipitate  at  boiling  temperature  for  two 
reasons:  (a)  The  separation  of  Ba  is  more  rapid  and  complete. 
(b)  The  precipitate  is  thrown  down  in  a  form  less  likely  to  run 
through  the  filter  paper.  Continued  boiling,  however,  may  result 
in  the  precipitation  of  SrCr04  owing  to  the  volatihzation  of  acetic 
acid. 

4.  The  addition  of  the  K2Cr04  solution,  drop  by  drop,  prevents 
the  occlusion  of  Sr  and  Ca.  An  excess  of  the  reagent  imparts  a 
yellow  color  to  the  solution,  thereby  indicating  that  the  precipi- 
tation is  complete. 

5.  The  precipitate  should  be  washed  thoroughly  to  remove  any 
traces  of  Sr  or  Ca  which  if  allowed  to  remain  might  interfere  with 
the  flame  test  for  Ba. 

Procedure  III. — To  confirm  the  presence  of  Ba,  dissolve  the 
K2Cr04  precipitate  obtained  in  P.  I.  in  cone.  HCl  (sp.  gr.  1.12). 
Di\4de  the  solution  into  two  unequal  portions.  To  the  larger  por- 
tion, add  an  equal  volume  of  a  saturated  solution  of  CaS04.  A 
white  precipitate,  BaS04,  confirms  Ba.  Evaporate  the  smaller 
portion  of  the  HCl  solution  to  a  few  drops.  Dip  a  clean  platinum 
vare  into  the  concentrated  solution  and  then  introduce  the  vdve 
into  a  colorless  flame.     A  green  flame  confirms  Ba. 
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Notes — 1.  The  SO4  ion  combines  with  the  Ba  ion  to  form  BaSOd 
which  is  one  of  the  least  soluble  salts  of  Ba.  One  part  of  this  salt 
requires  for  its  solution  385,000  parts  of  water.  Even  in  concentra- 
ted acids,  it  is  but  very  slightly  soluble. 

2.  The  cone.  HCl  solution  may  be  tested  for  Ba  by  means  of  the 
spectroscope.  With  this  instrument,  compounds  of  Ba  show  nu- 
merous yellowish-green  lines,  one  of  which  is  very  near  to  the  posi- 
tion of  one  of  the  Ca  lines,  and  a  less  distinct  greenish-blue  line. 

Procedure  IV. — The  filtrate  from  P.  II  contains  Sr,  Ca,  K, 
Cr04,  H,  and  C2H3O2  ions.  Add  5N  NH4OH  until  the  filtrate  is 
just  alkahne;  this  point  is  indicated  when  the  color  of  the 
solution  changes  from  a  reddish-brown  to  a  yellow, — then  add  5  cc. 
more  of  the  reagent.  To  the  solution  add  slowly  with  frequent 
shaking,  an  equal  volume  of  95%  ethyl  alcohol.  Allow  the  mixture 
to  stand  for  several  minutes,  then  filter  if  a  precipitate  forms.  Do 
not  wash  the  precipitate.  Use  suction  if  filtration  is  slow.  For  the 
further  identification  of  the  precipitate,  follow  P.  V;  for  the  sub- 
sequent treatment  of  the  filtrate,  see  P.  VI. 

Notes — 1.  For  a  discussion  of  the  separation  of  Sr  and  Ca  as 
chromates  by  a  mixture  of  water  and  alcohol,  see  T.  E.  and  Refer- 
ences, Series  XI,  XII,  XIII  and  XIV. 

Procedure  V. — The  yellow  precipitate  obtained  in  P.  IV  indi- 
cates the  presence  of  Sr.  To  confirm  it,  wash  the  precipitate  once 
with  a  small  quantity  of  water;  transfer  it  to  a  small  beaker  and 
dissolve  in  the  least  quantity  of  cone.  HNO3.  Evaporate  the  solu- 
tion to  a  few  drops.  Test  on  a  platinum  wire  in  a  colorless  flame. 
A  transient  crimson  flame  confirms  Sr. 

Notes — 1.  The  method  outlined  in  P.  IV  is  so  reUable  that  if  a 
precipitate  forms  on  the  addition  of  the  alcohol,  it  seldom  needs  to 
be  confirmed  by  the  flame  test.  If  desirable,  however,  it  may  be 
further  confirmed  by  use  of  the  spectroscope.  Compounds  of  Sr 
give  several  orange  and  red  lines,  and  a  brilliant  blue  fine. 

2.  For  the  deUcacy  of  the  test  for  Sr  as  SrCr04,  see  T.  E.  Series 
XIII. 

Procedure  VI. — The  filtrate  from  P.  IV  contains  CaCr04  and 
traces  of  SrCr04. 

To  remove  any  traces  of  Sr,  add  5  cc.  of  IN  K2Cr04  solution, 
and  10-20  cc.  of  95%  alcohol;  filter,  and  reject  any  precipitate. 
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To  the  filtrate  add  twice  its  volume  of  water,  heat  to  boiling,  and 
add  slowly  to  the  boiling  solution  35-40  cc.  of  IN  (NH4)2C204  solu- 
tion. If  Ca  is  present,  a  white  precipitate  usually  forms  at  once. 
Stir  the  solution  and  let  it  stand  for  several  minutes.  A  white 
precipitate,  CaC204,  indicates  Ca.  Filter,  wash  the  precipitate, 
transfer  it  to  a  small  beaker  and  dissolve  in  the  least  quantity  of  a 
mixture  of  1  volume  of  cone.  H2SO4  (sp.  gr.  1.84)  and  3  volumes  of 
distilled  water.  Add  to  the  solution  an  equal  volume  of  95%  alco- 
hol, then  2-5  cc.  more.     A  white  precipitate,  CaS04,  confirms  Ca. 

Notes — 1.  For  a  discussion  of  the  tests  for  Ca,  see  T.  E.,  Series 
XV  and  XVL 

2.  The  flame  and  spectroscopic  tests  for  Ca  are  valuable.  Ca 
compounds  color  the  flame  yellowish-red.  The  spectrum  shows  a 
sharp  orange  line  and  a  blue  line. 

Part  III.    Summary 

1.  Attention  has  been  directed  to  the  well-known  facts  that  the 
methods  which  are  generally  used  in  qualitative  analysis  have 
received  but  httle  systematic  study,  and  are  in  need  of  revision. 

2.  A  comparison  of  a  large  number  of  methods  for  the  precipi- 
tation and  analysis  of  the  Calcium  Group,  as  outlined  by  the  re- 
spective authors,  has  been  made,  and  the  discrepancies  and  inaccu- 
racies of  the  procedure  noted. 

3.  A  method  has  been  formulated  by  which  the  members  of  the 
Calcium  Group  may  be  separated,  in  the  presence  of  magnesium, 
by  means  of  a  "special  reagent,"  from  a  solution  containing  all  of 
the  metals  or  acid  radicals.  The  difiiculties  encountered  in  secur- 
ing a  complete  precipitation  of  barium,  strontium  and  calcium 
without  precipitating  some  magnesium  have  been  overcome  by  a 
proper  regulation  of  the  conditions  under  which  precipitation  is 
effected.  By  a  series  of  test  experiments  it  has  been  shown  that  a 
quantity  as  small  as  .003  gm.  of  either  one  of  the  metals  may  be 
readily  detected  and  that  a  large  concentration  of  Mg  ions  does 
not  interfere  with  the  tests. 

4.  In  the  second  part  of  the  paper  which  deals  with  the  subse- 
quent analysis  of  the  group  precipitate,  the  proposed  methods  have 
been  shown  to  be  entirely  adequate  for  confirming  even  lesser 
amounts,  i.e.,  less  than  .003  gm.  of  any  of  the  metals  of  the  group. 
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5.  The  accuracy  and  general  utility  of  the  proposed  methods 
have  been  proven  as  shown  by  Series  XVII  of  the  Test  Experi- 
ments. 

Authors'  Note.  Since  the  completion  of  this  paper  the  attention 
of  the  authors  has  been  called  to  the  work  of  Curtman  and  FrankeF. 
In  the  summary  of  their  work,  they  state  that  the  test  for  barium 
is  unreliable  because  of  the  failure  of  the  reagent  ammonium  car- 
bonate to  detect  as  small  a  quantity  as  10  mgms.  of  the  metal  in  the 
presence  of  ammoniiun  salts.  They  propose  to  substitute  a  new 
method,  and  announce  that  they  will  pubUsh  such  method  in  the 
near  future.  The  authors  of  this  paper  would  confirm  the  above  in 
regard  to  the  inaccuracy  of  the  usual  methods  employed  in  pre- 
cipitating the  group,  but  call  attention  to  the  fact  that  by  the 
method  set  forth  in  this  paper,  2  mgm.  of  barium  can  be  detected, 
and  3  mgm.  can  be'confirmed. 


lA  stud}-  of  the  Factors  Influencing  the  Systematic  Qualitative  Deter- 
mination of  Barium — Curtman  and  Frankel,  J.  Amer.  Chem.  Soc,  33,  724 
(1911). 


THE  INFLUENCE  OF  LEAD   ON  THE  FERRO- 
CYANIDE  TITRATION  OF  ZINC 

By  Victor  Lenher  and  C.  C.  Meloche 
Madison,  Wisconsin 

Of  all  the  volumetric  methods  for  the  determination  of  zinc 
in  ores,  the  procedure  as  outlined  in  the  "Modified  Waring 
Method"^  is  by  far  the  most  satisfactory  for  complex  ores.  The 
principal  service  which  this  method  renders  is  the  removal  of 
all  of  the  heavy  metals  which  interfere  with  the  ferrocyanide 
titration.  In  many  zinc  ores,  notably  those  from  the  Mississippi 
Valley,  the  heavy  metals  which  thus  interfere  are  absent,  hence 
the  separations  called  for  in  this  method  can  be  materially  sim- 
plified. 

While  it  is  universally  acknowledged  that  iron  must  not  be 
present  in  the  ferrocyanide  titration  for  zinc,  the  influence  of 
lead  has  been  a  much  mooted  question.  Beringer^  gives  quanti- 
tative data  to  show  that  lead  gives  a  higher  result.  Seaman^ 
gives  data  to  show  the  bad  influence  of  lead.  Stone'*  is  of  the 
opinion  that  lead  alone  need  not  be  separated,  but  that  if  lead 
be  present  the  solution  must  be  quite  strongly  acid.  Miller^ 
indicates  conditions  which  allow  for  the  presence  of  lead. 
With  this  brief  resume  of  the  various  statements  as  to  the 
effect  of  lead  on  the  ferrocyanide  titration  for  zinc,  attention 
should  be  directed  to  the  ferrocyanide  method  for  lead  itself, 
as  described  by  its  originator  Low*.  In  this  method  the  titration 
of  lead  acetate  is  carried  out  in  a  solution  containing  about  2| 
per  cent  free  acetic  acid.  While  Low  does  not  in  his  latest  de- 
scription of  the  method  specifically  state  that  free  mineral  acids 
should  not  be  present,  yet  from  the  procedure  as  outlined,  namely, 
solution  of  lead  carbonate  in  dilute  acetic  acid,   it  is  inferred 

'Jr.  Amer.  Chem.  Soc,  29,  265  (1907). 

'Beringer,  Text  Book  of  Assaying. 

•Jr.  Amer.  Chem.  Soc,  29,  207. 

«Jr.  Amer.  Chem.  Soc,  17,  475,  476  (1875). 

'Miller,  Quantitative  Analysis  for  Mining  Engineers. 

*Jr.  Amer.  Chem.  Soc,  15,  550. 
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that  free  mineral  acid  would  not  be  present.  As  a  matter  of 
fact,  our  experience  with  the  method  seems  to  show  that  free 
mineral  acids  must  be  absent  in  the  ferrocyanide  titration  for 
lead.  In  other  words,  even  a  very  small  amount  of  free  nitric 
or  hydrochloric  acid  prevents  the  formation  of  lead  ferrocyanide, 
which  would  render  the  method  worthless. 

Galletti^  who  devised  the  ferrocyanide  titration  for  zinc,  worked 
in  acetic  acid  solution.  He  used  no  indicator  to  obtain  the  end- 
point.  Fahlberg2  later  showed  the  efficiency  of  the  method  in 
hydrochloric  acid  solution,  using  uranium  nitrate  as  an  outside 
indicator,  which  is  the  method  commonly  used  today. 

A  number  of  series  of  experiments  have  been  made,  the  con- 
ditions being  varied  as  to  the  character  of  the  liquid  titrated. 

Lead  acetate  was  titrated  with  potassium  ferrocyanide  in  the 
diluted  acetic  acid  solution  as  recommended  by  Low.  The  tem- 
perature of  titration  was  65°  and  the  solution  had  a  volume  of 
200  cc. 


TABLE  I 

Pb  Present 

HCl  Present 

Pb  Found 

gm. 

per  cent 

gm. 

.1947 

none 

.1947 

.1947 

.0125 

.1947 

.1947 

.025 

.1947 

.1947 

.125 

.1921  1  Difference  dependent 

1  CA'7  ^*°    '^°^^    extent    on 
.lob7j  temperature 

.1947 

.125 

.1947 

.25 

.0000 

.1947 

.75 

.0000 

It  is  apparent  that  free  hydrochloric  acid  present  up  to  one- 
eighth  of  one  per  cent  does  not  notably  affect  the  lead  determina- 
tion, but  when  present  in  quantity  as  low  as  one  per  cent  no  lead 
ferrocyanide  is  precipitated  and  no  lead  is  indicated. 

Precisely  the  same  order  of  results  occurs  when  a  chloride  is 
added  to  the  acetic  acid  solution. 


'Zt.  Anal.  Chem.  4,  213. 
^^Ibid.,  13,  379. 
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TABLE  II 

Pb  Present 

NH.Cl  Present 

Pb  Found 

gm. 

gm. 

gm. 

.1947 

none 

.1947 

.1947 

.1 

.1951 

.1947 

.5 

.1947 

.1947 

1.0 

.1938 

.1947 

3.0 

.035 -.0881 

.1949 

5.0 

.0000 

It  is  obvious  that  the  presence  of  hydrochloric  acid  or  small 
quantities  of  chlorides  renders  worthless  the  ferrocyanide  titration 
for  lead. 

In  the  titration  of  lead  by  the  ferrocyanide  method,  a  solution 
of  uranium  acetate  is  by  far  the  best  indicator.  The  nitrate  is 
unsuitable,  inasmuch  as  it  invariably  contains  free  acid. 

Mixtures  of  varying  amounts  of  zinc  and  lead  acetates  were 
titrated  in  the  presence  of  different  amounts  of  hydrochloric 
acid  and  ammonium  chloride. 

TABLE  III 

Acetate  solutions  of  lead  and  zinc  titrated  at  70° 

of  200  cc.  in  presence  of  10  gms.  NH4CI  and  3  cc.  HCl. 

Zn  Found 
gm. 

.2000 

.2010 

.1512 

.1005 

.0498 

.0005 

TABLE  rV 

Solutions  of  acetates  titrated  at  70°  in  a  volume  of  200  cc.  in 

presence  of  10  gms.  NH4CI  and  6  cc.  HCl. 

Zinc  Present  Lead  Present  Zinc  Found  Error 

gm.  gm.  gm.  gm. 

.2000  .0000  .2000 

.2000  .0431  .2000 

.1500  .0862  .1502         +.0002 

.1000  .1292  .1005         +.0005 

.0500  .1723  .0498         -.0002 

.0000  .1723  .0005         +.0005 

'Results  differing  due  to  temperatxire  change. 


Zn  Present 

Pb  Present 

gm. 

gm. 

.2000 

.0000 

.2000 

.0431 

.1500 

.0862 

.1000 

.1292 

.0500 

.1723 

.0000 

.1758 

in  a  volume 

Error 

gm. 

•  • .  • 

+  .0010 

+  .0012 

+  .0005 

-.0002 

+.0005 

282 


Original  Communications:  Eighth  International        [vol. 


TABLE  V 
Solutions  of  acetates  titrated  at  70°  in  a  volume  of  200  cc.  in 
presence  of  10  gms.  NH4CI  and  12  cc.  HCl. 

Zn  Present  Pb  Present  Zn  Found  Error 

gm.  gm.  gm.  gm. 

.2000  .0000  .2000 

.2000  .0431  .2005  +.0005 

.1500  .0862  .1506  +.0006 

.1000  .1292  .1003  +.0003 

.0500  .1723  .0504  +.0004 

.0000  .1723 

A  number  of  experiments  were  next  made  using  solutions  con- 
taining chlorides  only. 

TABLE  VI 

In  this  group  of  experiments  the  amount  of  hydrochloric  acid 
present  was  varied.  All  of  the  solutions  were  titrated  at  70°, 
had  a  volume  of  200  cc.  and  contained  10  gms.  NH4CI. 


3C  Present  Lead  Present 

Zinc  Founc 

Free  HCl  Present 

Error 

gm. 

gm. 

gm. 

per  cent 

gm. 

.1000 

1133 

.1001 

0.0 

+  .0001 

.1000 

1133 

.0999 

.12 

-.0001 

.1000 

1133 

.1002 

.25 

+  .0002 

.1000 

1133 

.1002 

.75 

+ .0002 

.1000 

1133 

.1000 

1.00 

.0000 

.1000 

1133 

.1001 

1.25 

+  .0001 

.1000 

1133 

.0998 

1.50 

-.0002 

.1000 

1133 

.1001 

2.25 

+  .0001 

.1000 

1133 

.1006 

3.00 

+  .0006 

.1000 

1133 

.1004 

6.00 

+  .0004 

.1000 

1133 

.0991 

12.00 

-  .0009 

With  large  amounts  of  free  hydrochloric  acid  present,  that  is, 
from  twelve  to  eighteen  per  cent,  it  is  impossible  to  obtain  a  defi- 
nite endpoint.  When  no  free  acid  or  as  little  as  one-fourth 
per  cent,  is  present,  the  true  endpoint  in  the  titration  is  a  matter 
of  considerable  uncertainty.  An  apparent  endpoint  appears, 
but  by  continued  stirring  disappears.  This  false  endpoint  is 
due  to  the  hydrosol  form  of  the  colloidal  zinc  ferrocyanide,  which 
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with  insufficient  free  acid  goes  only  slowly  into  the  hydrogel  form. 
The  true  endpoint  is  quickly  reached  with  one  and  one-half 
per  cent  of  free  hydrochloric  acid  and  is  distinct  up  to  as  much 
as  six  per  cent  free  acid. 

From  Table  VI  it  is  apparent  in  general  in  the  presence  of  a 
material  amount  of  free  hydrochloric  acid  that  the  presence  of 
lead  would  never  be  discovered  in  the  ferrocyanide  titration 
for  zinc. 

In  the  next  experiments  successively  larger  amounts  of  lead 
chloride  have  been  added. 

TABLE  VII 
Volume  of  solution  200  cc.    Ten  grams  of  ammonium  chloride, 
and  one  and  a  half  per  cent  free  hydrochloric  acid  present.    Titra- 
tions made  at  70°. 


Zinc  Present 

Lead  Present 

Zinc  Found 

Error 

gm. 

gm. 

gm. 

gm. 

.1000 

.2266 

.1002 

+  .0002 

.3399 

.1005 

+  .0005 

.4532 

.1005 

+  .0005 

.5665 

.1007 

+  .0007 

.6798 

.1005 

+  .0005 

.7931 

.1005 

+  .0005 

.9064 

.1005 

+  .0005 

1.0197 

.1010 

+  .0010 

1.117 

.1003 

+  .0003 

2.234 

.1003 

+  .0003 

3.352 

.1005 

+  .0005 

3.724 

.1003 

+  .0003 

In  our  experience  the  quantity  of  ammonium  chloride  nec- 
essary to  have  present  can  be  anywhere  from  one  to  twenty  grams 
in  a  200  cc.  solution.  When  excessively  large  amounts  are  present, 
forty  grams  or  more,  the  endpoint  becomes  indistinct. 

Various  indicators  have  been  suggested  from  time  to  time  to 
determine  the  endpoint  in  the  ferrocyanide  titration  for  zinc. 
Our  experiments  suggest  that  a  0.9%  ammonium  molybdate 
solution  is  the  most  delicate  of  the  various  indicators  proposed, 
but  that  it  is  not  widely  applicable.  Glacial  acetic  acid,  5% 
sodium  tungstate,   cobalt  nitrate,  hydrochloroplatinic   acid,   arc 
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fair  indicators,  but  not  as  delicate  as  uranium  nitrate  or  am- 
monium molybdate.  Of  all  the  indicators  used,  the  5%  solution 
of  uranium  nitrate  is  very  delicate  and  reliable. 

CONCLUSIONS 

In  the  ferrocyanide  titration  for  zinc  as  commonly  carried  out, 
lead  is  without  influence. 

The  ferrocyanide  titration  for  lead  should  be  carried  out  in 
acetic  acid  solution  and  the  mineral  acids  must  be  absent. 

In  the  technical  examination  of  ores  for  zinc  where  lead  and 
iron  are  the  only  heavy  metals  present  to  an  appreciable  extent, 
and  such  is  the  case  with  the  Wisconsin  zinc  ores,  it  is  unneces- 
sary to  remove  the  lead  for  the  ferrocyanide  titration  for  zinc. 
Half-gram  samples  of  the  ore  can  be  dissolved  in  10  cc.  concen- 
trated hydrochloric  acid  with  the  addition  of  a  Httle  nitric  acid. 
To  the  solution  after  dilution,  ammonium  hydroxide  is  added 
and  the  ferric  hydroxide  and  insoluble  matter  are  removed  by 
filtration.  The  precipitate  is  dissolved  in  dilute  hydrochloric 
acid  and  reprecipitation  by  ammonia  is  effected,  the  filtrates 
being  united.  The  solution  should  now  be  acidified  with  hy- 
drochloric acid  and  when  evaporated  somewhat  is  ready  to  be 
titrated. 

For  titration  the  solution  must  be  hot,  it  should  have  a  volume 
of  200  cc,  should  contain  6-10  cc.  concentrated  hydrochloric 
acid  and  10  grams  of  ammonium  chloride.  The  ferrocyanide 
solution  should  be  of  such  strength  that  1  cc.  =  .005  gm.  zinc,  and 
the  best  indicator  is  a  5%  solution  of  uranium  nitrate. 


A  NEW  COLORIMETRIC  METHOD  FOR  TITANIUM 
By  Victor  Lenher  and  W.  G.  Crawford 

The  estimation  of  titanium  is  commonly  considered  by  chemists 
as  one  of  the  more  troublesome  determinations.  The  methods 
most  widely  used  exemphfy  two  distinctly  different  types  of  chem- 
ical action,  namely,  hydrolysis  and  colorimetric  comparisons, 
With  high  percentages  of  titanimn,  the  hydrolysis  of  the  sulphate 
is  one  of  the  oldest  gravimetric  methods.  The  substitution  by 
Gooch^  and  Chatard^  of  acetic  acid  solution  for  that  of  the  sulphate 
affords  a  solution  for  hydrolysis  which  gives  a  far  more  satisfactory 
method  of  separation  and  precipitation  than  the  older  sulphate 
method.  Baskerville's^  method  of  hydrolysis  in  hydrochloric  acid 
has  been  repeatedly  tried  out  in  this  laboratory  with  titanium- 
bearing  material  carrying  very  low  percentages  up  to  pure  rutile, 
and  uniformly  excellent  results  have  been  obtained  as  compared 
with  the  acetate  method. 

For  low  percentages  of  titanium  the  colorimetric  method  first 
proposed  by  Weller*  is  most  generally  appUcable.  The  method  is 
based  on  the  yellow  color  produced  when  hydrogen  peroxide  is 
added  to  a  sulphuric  acid  solution  of  titanium.  This  colorimetric 
method  has  found  great  appUcability  in  the  analysis  of  clays, 
silicate  rocks  and  material  of  this  general  character  low  in  titanium. 
The  sensibihty  of  the  color  to  the  presence  of  fluorides  is  so  pro- 
nounced that  this  bleaching  action  on  a  titanium  solution  contain- 
ing hydrogen  peroxide  has  been  proposed  by  Steiger^  as  a  means  of 
estimating  fluorides. 

Levy^,  in  studying  some  color  reactions  of  titanic,  Columbia, 

tantahc  and  stannic  acids,  found  that  certain  organic  compounds 

containing  one  or  more  phenol  groups  gave  deep  colorations  with 

these  acids.    He  worked  in  concentrated  sulphuric  acid  solutions 

and  observed  that  all  of  the  colorations  were  destroyed  by  the 

iChemical  News,  52,  55,  68  (1885). 

^Amer.  Chem.  Jr.,  13,  106  (1891). 

ar.  Amer.  Chem.  Soc,  16,  ^21  (1894). 

^Berichte,  15,  2593  (1882).    See  also  Fres.  Zeit.,  9,  41,  and  9,  330. 

'Jr.  Amer.  Chem.  Soc,  SO,  219  (1907). 

Comptes  rendus,  103,  1075,1195. 
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addition  of  a  small  quantity  of  water,  with  the  exception  of  those 
produced  by  stannic  acid.  From  the  results  obtained  he  suggested 
a  qualitative  method  for  those  acids  and  conversely  a  method  for 
the  detection  of  certain  phenols. 

Muller^  has  studied  the  colorimetric  determination  of  titanium 
in  aqueous  solution  by  means  of  the  color  imparted  by  saUcylic 
acid,  and  finds  the  detection  of  very  small  amounts  of  titanium  is 
thus  made  possible. 

In  studying  the  double  fluorides  of  columbium,  titanium,  tan- 
talum and  tungsten  with  various  reagents  in  concentrated  sulphuric 
acid,  Hall  and  Smith^  give  a  number  of  color  reactions  for  titanium. 


TABLE  I 


Morphine 

Codeine 

Brucine 

Phenol 

a  Naphthol 

B  Naphthol 

Thymol 

Resorcin 

Hydro  chinon 

Pyrocatechin 

Pyrogallol 

Salicylic  acid 

Meta  oxybenzoic  acid 

Para  oxybenzoic  acid 

Gallic  acid 

Cinchonidine 

Apomorphine 

Narceine 

Bebeerine 

Narcotine 

Chromotropic  acid 


Crimson 

No  color 

Light  red 

Brick  red 

Green  to  green  grown 

Coffee  brown 

Garnet 

Red  brown 

Crimson 

Chocolate 

Dark  red  brown 

Deep  red 

Chrome  yellow 

Chrome  yellow 

Brick  red 

No  color 

Light  red  brown 

Brown 

Clear  brown 

Brown 

Deep  red 


Continuing  this  line  of  study  a  number  of  other  substances  have 

been  studied  with  regard  to  their  behavior  with  titanium  in  strong 

sulphuric  acid  solution  with  the  folloAving  results: 

'Jr.  Amer.  Chem.  Soc,  33,  1506  (1910). 
Troc.  Am.  Phil.  Soc,  U,  196  (1905). 
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Reagent 

Codeine 

Homatropine 

Hydrastine 

Hyoscyamine 

Pelletierine 

Physostigmine 

Physostigmine  salicylate 

Piperine 

Strophanthine 

Aspidospermine 

Avenin  Legumin 

Belladonnine 

Bulbocapnine 

Colchicine 

Colli  dine 

Cryptopine 

Chelidonine 

Chlorogenine 

Conessine 

Colchicine 

Cotarnine 

Delphi  nine 

Duboisine 

Erythrophleine 

Ditamine 

Digitalein 

Emetine 

Hydrocotamine 

Jaborine 

Jervine 

Lepidine 

Pelletierine 

Pseudopelletierine 

Daturine 


TABLE  II 

Color  produced 
in  one  minute 

Light  amethyst 

Light  red 

Light  pink 

Dark  brown 

Light  yellow 

Red 

Rose  yellow 

Brown 

Light  brown 

Red 

Chocolate 

Deep  red 

No  color 

Yellow,  then  red 

Light  brown 

Deep  purple 

Deep  red 

Yellow 

Light  yellow 

Yellow 

Red 

Dark  red 

Pink 

Light  red 

Pink 

Red 

Red 

Red 

Red 

Brown 

Light  yellow 

Light  red 

Light  yellow 

No  color 


Color  produced 
in  24  hours 

Darker 

Cherry 

No  change 

No  change 

Pink 

No  change 

No  change 

Charred 

No  change 

No  change 

No  change 

Chocolate 

Pink 

Reddish  brown 

No  change 

Black 

Purple 

Light  brown 

Dark  yellow 

No  change 

No  change 

Darker 

Light  reddish  brown 

Darker 

Red 

Darker 

Deep  red 

Black 

Dark  red 

Dark  green 

No  change 

No  change 

No  change 

Pink 


No  colors  are  caused  by  atropine,  caffeine,  cinchonidine,  pilo- 
carpine,   cinconine,    cocoaine,    quinine,    scopolamine,    sparteine, 
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arecoline,  anagyrine,  cocaethyline,  cinchonamine,  conhydrine, 
cysisine,  gelseminine,  ecgonine,  gussospernine,  hyoscine,  choline, 
lobeline,  tritopine,  tropine,  taxine,  laudanosine,  lycoctonine, 
oxyacanthine,  oxysparteine,  picoline,  protopine,  papaverine, 
quebrachine,  sabadilline,  sabadine,  aporetin,  either  in  one  minute 
or  on  being  allowed  to  stand  twenty-four  hours. 

The  colorations  produced  by  many  of  the  substances  worked 
with  are  so  much  more  intense  than  the  hydrogen  peroxide  color 
that  a  number  have  been  tested  to  ascertain  whether  the  color  is 
proportional  to  the  amount  of  titanium  present  and  not  affected 
by  an  excess  of  the  reagent. 

Phenol  and  titanium  in  sulphuric  acid  solution  give  a  deep  red 
color  in  strong  solution  and  a  yellow  red  in  dilute.  A  series  of 
experiments  were  carefully  carried  out  with  phenol  and  titanium 
in  concentrated  sulphuric  acid  solution,  and  although  a  color 
developed  with  as  small  an  amount  of  titanium  dioxide  as  .00005 
gm.,  in  no  case  was  it  found  possible  to  get  a  solution  in  which  the 
color  is  proportional  to  the  amount  of  titanium  present. 

A  similar  series  of  experiments  carried  out  with  hydroquinon 
and  titanium  in  concentrated  sulphuric  acid  showed  that  while  it 
is  possible  to  detect  .0001  gm.  of  titanium  dioxide  by  this  method, 
hydroquinon  is  not  a  satisfactory  reagent  for  the  determination 
of  titanium. 

Chromotropic  acid  in  concentrated  sulphuric  acid  solution  was 
similarly  found  to  show  the  presence  of  .00001  gm,  of  titanium 
dioxide,  but  the  color  produced  is  not  a  function  of  the  amount 
of  titanium  present. 

Salicylic  acid  in  concentrated  sulphuric  acid  solution  will  indi- 
cate as  small  a  quantity  of  titanium  dioxide  as  .00001  gm..,  but 
here  again  the  color  is  not  proportional  to  the  amount  of  titanium 
present. 

A  number  of  alkaloids  were  likewise  tested  with  titanium  in 
sulphuric  solution,  and  while  a  number  of  them  showed  intense 
color  reactions,  none  were  found  in  which  the  color  produced  is 
proportional  to  the  amount  of  titanium  present. 

Thymol  and  titanium  in  concentrated  sulphuric  acid  solution 
give  a  deep  red  coloration  if  sufficient  titanium  is  present,  while 
in  dilute  solution  a  reddish  yellow  color  is  developed.    The  color 
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produced  by  the  addition  of  a  sulphuric  acid  solution  of  titanium  is 
proportional  to  the  amount  of  the  latter  present  and  can  be  made 
the  basis  of  a  colorimetric  determination. 

Thjonol  dissolves  in  concentrated  sulphuric  acid  with  a  slightly 
yellow  color,  which  rapidly  intensifies  as  the  amount  of  thymol  is 
increased.  This  coloration  can  be  avoided  if  the  thymol  is  first 
dissolved  in  a  little  acetic  acid  in  which  thymol  is  very  soluble,  or 
in  acetic  acid  containing  ten  per  cent  alcohol.  Sulphuric  acid  can 
then  be  added  without  the  formation  of  any  color.  The  solution 
of  thymol  in  sulphuric  acid  thus  prepared  is  fairly  stable  and  if 
kept  out  of  bright  light  will  not  discolor,  but  if  exposed  to  direct 
sunlight  it  will  darken  in  a  few  hours. 

The  ratio  of  thymol  to  titanium  can  vary  greatly,  but  it  has  been 
found  best  to  have  at  least  .006  gm.  of  thymol  present  to  every 
.0001  gm.  TiOz. 

Table  III  indicates  results  obtained  in  a  Soleil-Duboscq  colo- 
rimeter. 

TABLE  III 

No.  TiOa  Present  TiOi  Found 

mg.  mg. 

1  .21  .20 

2  .21  .19 

3  .31  .30 

4  .31  .294 

5  .40  .405 

6  .40  .37 

7  .50  .50 

8  .50  .52 

Table  IV  represents  results  obtained  on  somewhat  larger  quan- 
tities of  titanium  with  a  Kennicott-Sargent  colorimeter. 


TABLE 

IV 

<io. 

Ti02  Present 

TiOz  Found 

mg. 

mg. 

9 

1. 

.9 

10 

1.5 

1.5 

11 

2.1 

2.0 

12 

2.5 

2.5 
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Four  previously  analyzed  samples  of  bauxite  in  which  the  tita- 
nium content  had  been  obtained  by  the  Weller  method,  are  com- 
pared in  Table  V  with  the  thymol  method.  Samples  of  0.3  gm. 
each  were  fused  with  potassium  bisulphate  for  a  half  hour,  after 
which  the  fusion  was  taken  up  in  concentrated  sulphuric  acid. 

TABLE  V 

No.  Weller's  Method  Thymol  Method 

13  3.3%  TiOz  3.7%  TiOa  3.4%,  TiOj 

14  1.93  2.2  2.1 

15  2.20  2.15  2.28 

16  2.97  2.83  2.95 

EFFECT   OF   DILUTION 

Levy  noted,  when  water  is  added  to  a  titanium  solution  colored 
by  thjonol,  that  the  color  fades  and  is  essentially  destroyed.  The 
following  experiments  indicate  the  effect  of  the  dilution  of  the  acid 
on  the  apparent  percentage  of  titanium.  Five  hundred  cc.  of  a 
standard  titanium  dioxide  solution  was  prepared  with  an  excess  of 
thymol  present.  Aliquot  portions  were  taken  and  a  known  amount 
of  water  was  added  to  each  portion.  These  portions  were 
cooled  and  diluted  to  50  cc.  by  the  addition  of  sulphuric  acid, 
sp.  gr.  1.84.  These  test  solutions  were  compared  in  turn  with  a 
25  cc.  portion  of  the  original  solution,  diluted  to  500  cc.  with  sul- 
phuric acid,  sp.  gr.  1.84.  The  addition  of  water  has  apparently  no 
effect  on  the  color  until  a  concentration  of  79.4%  (sp.  gr.  1.725) 
sulphuric  acid  has  been  reached,  after  which  the  color  fades  in  a 
perfectly  regular  manner.  It  has  been  necessary  in  making  this 
dilution  study  to  cool  the  solutions  to  room  temperature  after  the 
dilution  of  the  acid,  inasmuch  as  a  warm  solution  is  much  Ughter 
in  color  than  one  of  the  same  strength  a  few  degrees  cooler. 

TABLE  VI 


VcIlSOi 

Actual  TiO, 
Present  mg. 

Apparent  TiOi 
Present  mg. 

Apparent  TiOj 
Present  per  cent 

90.05 

.625 

.625 

100 

87.60 

.625 

.625 

100 

85.70 

.625 

.625 

100 

83.32 

.625 

.625 

100 

82.00 

.625 

.625 

100 

80.68 

.625 

.625 

100 
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TABLE  YI— Concluded 

%H^0. 

Actual  TiO, 
Present  mg. 

Apparent  TiOi 
;  'resent  mg. 

Apparent  TiOj 
Present  per  cent 

79.36 

.625 

.625 

100 

77.60 

.625 

.575 

92 

76.30 

.625 

.537 

86 

74.51 

.625 

.500 

80 

73.23 

.625 

.462 

74 

71.99 

.625 

.412 

66 

70.74 

.625 

.375 

60 

68.97 

.625 

.337 

54 

67.59 

.625 

.300 

48 

EFB'ECT 

OF 

TEMPERATURE 

The  fact  that  a  titanium  solution  colored  by  thymol  loses  some 
of  its  color  when  heated  and  that  on  cooling  the  color  returns, 
has  been  repeatedly  observed.  A  series  of  experiments  was  there- 
fore conducted  to  determine  at  how  high  a  temperature  such  a 
solution  could  be  heated  without  change  of  color.  In  each  case 
the  solution  was  heated  to  the  temperature  noted,  after  which  it 
was  cooled  and  compared  with  a  sample  of  the  original  solution. 
It  has  been  found  that  the  color  is  not  permanently  changed  until 
the  solution  is  heated  to  100°. 


TABLE 

VII 

^0. 

1 

Eoom 
Temperature 

20° 

Temperature 
;  of  Heating 

30° 

TiO 

'2  Present 

mg. 
.625 

Apparent  TiOi 
after  Heating 
mg. 

.625 

Apparent 

TiO, 
per  cent 

100 

2 

20 

40 

.625 

.625 

100 

3 

20 

50 

.625 

.625 

100 

4 

20 

60 

.625 

.625 

100 

5 

20 

80 

.625 

.625 

100 

6 

20 

90 

.625 

.625 

100 

7 

20 

100 

.625 

.425 

68 

8 

20 

110 

.625 

.250 

40 

9 

20 

120 

.625 

.150 

24 

EFFECT    OF    FLUORINE 

Inasmuch  as  fluorides  exhibit  the  well  known  bleaching  effect  on 
the  yellow  color  produced  by  the  addition  of  hydrogen  peroxide  to 
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a  titanium  solution,  the  action  of  hydrofluoric  acid  on  the  thymol 
titanium  color  was  studied.  Fluorides  or  hydrofluoric  acid  bleach 
the  color.  In  this  connection  it  should  be  noted  that  from  the 
preliminary  treatment  of  a  titaniima-bearing  material  in  order  to 
bring  it  into  concentrated  sulphuric  acid  solution,  it  is  practically 
impossible  for  fluorides  to  be  present. 

TABLE  VIII 


No. 

TiOj  Present 

Fl,  Present 

Apparent  TiOi 

Apparent 
TiO, 

mg. 

mg. 

mg. 

per  cent 

1 

.625 

.26 

.588 

95.6 

2 

.625 

.52 

.576 

93.7 

3 

.625 

.78 

.448 

72.2 

4 

.625 

1.04 

.388 

62.2 

5 

.625 

1.30 

.338 

54.1 

6 

.625 

1.52 

.301 

48.9 

7 

.625 

1.82 

.276 

44.2 

8 

.625 

2.08 

.250 

40.1 

9 

.625 

2.34 

.213 

34.1 

10 

.625 

2.60 

.187 

30.0 

11 

.625 

2.86 

.150 

24.0 

EFFECT   OF    CHLORIDES,      PHOSPHATES,    TEN    AND    TUNGSTEN. 

Solutions  of  various  strengths  containing  hydrochloric  acid, 
phosphoric  acid  and  tin  were  systematically  added  to  a  thymol 
sulphuric  acid  solution  and  are  apparently  without  any  effect  on 
the  coloration.  Tungstic  acid,  on  the  other  hand,  markedly 
affects  the  color  in  direct  ration  to  the  amount  of  tungsten  present. 

TABLE  IX 
No.  TiO,  Present         WOi  Present       Apparent  TiO, 

mg.  mg.  mg. 

1  2.2  .47  2.48 

2  2.2  .94  2.75 

3  2.2  1.41  3.01 

4  2.2  1.88  3.250 

5  2.2  2.35  3.50 

Of  the  various  organic  bodies  which  produce  distinctive  color- 
ations with  titanium  in  concentrated  sulphuric  acid,  thymol, 
phenol,  hydroquinon,  saUcylic  acid  and  chromotropic  acid,  are 
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the  most  distinctive.  For  various  reasons  thymol  produces  the 
most  satisfactory  coloration  which  can  be  used  for  the  detection 
and  estimation  of  small  amounts  of  titanium.  The  intensity  of  the 
coloration  produced  by  thymol  in  sulphuric  acid  with  titanium  is 
at  least  twenty-five  times  as  great  as  that  produced  in  the  hydro- 
gen peroxide  method;  hence  the  method  is  applicable  to  smaller 
amounts  of  titanium  than  can  be  determined  by  the  Weller 
method. 

The  method  possesses  certain  advantages  in  simplicity  and 
small  number  of  operations.  The  actual  time  for  the  fusion,  dilu- 
tion and  comparison  is  short.  With  a  standard  prepared  the  actual 
working  time  of  the  method  is  less  than  an  hour.  The  only  process 
requiring  time  is  for  the  sulphuric  acid  to  cool  to  room  temperature 
and  this  can  be  faciUtated  by  use  of  a  constant  temperature  bath. 

The  sample  of  the  titanium-bearing  substance  is  usually  most 
conveniently  brought  into  solution  by  fusing  with  potassium  acid 
sulphate.  The  fusion  can  be  taken  up  in  concentrated  sulphuric 
acid,  and  after  adding  an  excess  of  thymol  in  sulphuric  acid,  diluted 
to  a  definite  volume  and  the  color  compared  in  a  colorimeter  with 
a  standard  titanium  solution. 


REFRACTOMETRY 

By  Hermann  C.  Ltthgoe 
Massachusetts  State  Board  of  Health,  Boston,  Mass. 

The  first  extensive  use  of  the  refractive  index  in  analytical 
chemistry  was  in  the  examination  of  fats  and  oils  and  with  these 
substances  it  was  employed  as  a  means  of  establishing  purity, 
and  in  their  mixtures,  in  connection  with  other  constants,  for  the 
purpose  of  determining  the  composition  of  the  sample.  The  in- 
struments employed  for  this  purpose  were  the  oleo  refractometer 
of  Amagat  and  Jean,  the  Abb^  and  the  Zeiss  butyro  refractometer. 

Of  recent  years  the  principles  of  refractometry  have  been 
applied  to  other  analytical  purposes  such  as  the  quantitative 
determination  of  fat  in  milk,  measuring  the  concentration  of 
aqueous  solutions,  the  determination  of  ethyl  and  methyl  alcohol 
in  mixtures  containing  both  substances,  the  determination  of 
alcohol  and  extract  in  beer,  etc.,  by  means  of  specific  gravity  and 
refraction  of  the  sample,  the  detection  of  added  water  in  milk 
from  the  refraction  of  the  milk  serum,  the  examination  of  blood 
and  urine  as  well  as  for  many  other  purposes. 

The  instruments  most  used  are  the  Abb^  which  gives  value 
of  nD  from  1.3  to  1.7  to  the  fourth  decimal;  the  Pulfrich,  reading 
to  the  fifth  decimal  of  ND  and  the  Zeiss  Butyro,  Wollney  milk 
fat  and  Zeiss  immersion  refractometers,  the  three  latter  possessing 
centesimal  scales  the  average  of  the  0.1  of  a  scale  division  being 
.000037  in  the  immersion,  .000068  in  the  butyro  and  .000089  in  the 
milk  fat  refractometer.  The  centesimal  scales  are  not  propor- 
tioned to  the  values  of  the  scale  reading  and  for  this  reason  the 
scale  readings  must  be  transferred  into  values  of  n  for  certain 
calculations;  this  is  shown  in  the  following  table  giving  the  value 
of  nD  corresponding  to  each  tenth  division  of  the  three  instruments. 
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Immersion  Refractometer 

Butyro  Refractometer 

Milk  Fat  Refractometer 

Scale 
Read- 

''d 

Difference 

"^ 

Difference 

"d 

Difference 

lOO 

lOO 

lOO 

0 

1.32736 

1.4220 

1.3332 

10 

1.33126 

.00390 

1.4300 

.0080 

1.3436 

0.0104 

20 

1.33513 

.00387 

1.4377 

.0077 

1.3537 

0.0101 

30 

1.33896 

.00373 

1.4452 

.0075 

1.3636 

0.0099 

40 

1.34275 

.00379 

1.4524 

.0072 

1.3730 

0.0094 

50 

1.34650 

.00375 

1.4593 

.0069 

1.3821 

0.0091 

60 

1.35021 

.00371 

1.4659 

.0066 

1.3909 

0.0089 

70 

1.35388 

.00367 

1.4723 

.0064 

1.3993 

0.0084 

80 

1.35750 

.00362 

1.4783 

.0060 

1.4072 

0.0079 

90 

1.36109 

.00359 

1.4840 

.0057 

1.4148 

0.0076 

100 

1.36464 

.00355 

1.4895 

.0055 

1.4220 

0.0072 

The  refractive  index  like  the  specific  gravity  varies  with  the 
temperature,  for  with  rising  temperature  the  refraction  and 
gravity  both  decrease.  As  a  result  of  this  phenomenon  there 
have  been  numerous  attempts  made  to  devise  an  expression  which 
will  be  independent  of  the  temperature ;  of  these  expressions  called 

specific  refraction,  those  of  Gladstone  and  Dale =  K  and  of 


Lorenz  and  Lorentz 


1      1 


—  =  K  are  the  most  extensively  em- 


n24-2 

ployed,  particularly  the  latter.     In  these  formulae  n=the  refractive 

index,  d  the  specific  gravity  and  fc  is  a  constant.     This  holds  true 

with  the  Lorenz  and  Lorentz  formula  for  most  aqueous  solutions 

provided  that  the  refraction  and  gravity  are  taken  at  the  same 

temperature  (in  the  case  of  the  gravity  it  should  be  compared 

with  water  at  4°)  and  in  many  instances  it  is  independent  of  the 

concentration.     With  many  substances,  however,  such  as  certain 

organic  liquids,  and  with  glasses  this  relation  does  not  hold. 

The  Lorenz  and  Lorentz  formula  has  been  modified  as  follows: 

n^— 1    M 

• .  —  where  M  =  the  molecular  weight  of  the  substance  in  ques- 

n2+2    d 

tion.     This  formula  is  extensively  used  in  theoretical  studies  of 

solutions,  for  example  Baxter  in  making  studies  upon  solutions 

of  halogen  salts  has  determined  the  molecular  refractions  of  the 

chlorides,  bromides  and  iodides  of  potassium,  sodium  and  lithium 
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in  various  concentrations.     In  this  work  Baxter^  states  that  "at 
present  there  is  no  wholly  satisfactory  general  expression  connect- 
ing change  of  index  of  refraction  with  changing  density." 
K.  G.  Falk^  has  devised  the  following  expressions  which  he  has 

applied  to  organic  liquids,  — | — =1   — 1-  —  =  1  in  which  n,  t  and  d 

a     b         a^    b^ 

represent  the  refraction,  temperature,  and  gravity  respectively 

and  a,  b,  a^  and  h^  are  constants  for  any  one  substance  within 

certain  Hmits  of  temperature.     Falk  has  substituted  these  values 

in  the  various  formulae  for  specific  refraction,  as  a  result  of  which 

n*— 1 

he  has  reached  the  following  conclusions:  always  decreases 

d 

.,,.  .      ,  ,         N-1       na'-l      1  .  , 

with  mcreasmg  temperature, or  .   —  may  mcrease,  de- 

d  n2-|-2     d 

crease,  or  be  constant  with  increasing  temperature.     Pulfrich  has 

devised  an  expression  for  mixtures  as  follows : =  — ^ ^ 

N  d 

where  a=a  constant,  d  =  the  density,  iV  =  n— Ifor  the  mixture 

and  Nv  and  dv  the  corresponding  values  calculated  for  the  pure 

substances  by  the  rule  of  mixtures   (assuming  no  contraction). 

N  — Nv 
This  formula  has  been  elaborated  by  Hess'  as  follows : =  qC 

N 

in  which  C  =  the  contraction  and  q=a,fi, or\  according  as  A'' = n  —  1 , 

n'^— 1  d— dv 

^ — iorn2-l.     5— ^  =  C,  fordv  =  d(l-C) 

n2+2  d 

For  solutions  B.  Walter*  and  later  Robertson^  evolved  the  equa- 

n — n'' 

tion =  A  in  which  n  =  the  refractive  index  of  the  solution, 

c 

n}  that  of  the  solvent,  c  =  the  concentration  and  A  =  a  constant. 

If  n  and  v}  are  taken  at  the  same  temperature  this  equation  holds 

for  all  temperatures.     It  has  been  shown  by  Chen6veau®  that  the 

equation  is  incorrect  for  some  substances.     The  following  examples 

»J.  Am.  Chem.  Soc.  1911  33,  901. 

*J.  Am.  Chem.  Soc.   1909  31,  806-821. 

'Hess.  Wiener  Berichte,  115  II  a,  459-79,  1906. 

*Wied.  Ann.  1889  38,  107. 

'J.  Phys.  Chem.  1909  13,  469. 

'Ann.  Chem.  Phys.  1907  12,  384. 
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calculated  for  barium  chloride  solutions  and  sulphuric  acid  solu- 
tions from  Wagner's  table  show  in  one  case  only  a  slight  variation 
in  the  value  of  A  and  in  the  other  a  considerable  variation. 


Barium  Chloride                           1 

Sulphuric  Acid 

C.  Grams  per 
100  cc. 

c 

C.  Grams  per 
100  cc. 

n-n* 
c 

1.02 
4.01 
5.01 
6.02 
7.01 

12.02 

28.2 

0.00128 
0.00127 
0.00126 
0.00125 
0.00124 
0.00123 
0.00122 

1.022 
5.030 

10.018 
15.022 
20.033 
25.032 
29.496 

0.00128 
0.00118 
0.00114 
0.00112 
0.00109 
0.00107 
0.00105 

Robertson  found  the  values  of  A  very  constant  for  protein 
solutions  and  the  writer  has  found  a  similar  condition  in  alcoholic 
camphor  solutions,  for  instance  for  solutions  of  casein  in  dilute 
alkali  the  value  of  A  is  0.00152,  for  concentrations  above  0.5% 
and  for  camphor  the  value  of  A  is  0.00106  for  5  grams  per  100  cc, 
0.00105  for  10  grams  per  100  cc.  and  0.00104  for  25  grams  per 
100  cc. 

All  these  formulse  are  of  more  or  less  value  to  one  who  is  pre- 
paring a  table  or  series  of  figures  for  use  in  analytical  chemistry. 
A  number  of  such  tables  have  been  prepared  for  this  purpose  and 
they  will  be  described  below  or  referred  to  in  the  bibliography. 

In  the  examination  of  fats  and  oils  we  must  consider  the  differ- 
ences between  the  refractions  of  the  oil  in  question  and  that  of  the 
possible  adulterant,  and  where  this  is  great  enough  the  figure  is 
of  value.  In  the  case  of  butter  fat,  the  refraction  is  as  valuable 
as  the  Reichert-Meissl  number.  Beef  oleo  refracts  about  five 
scale  divisions  higher  than  butter,  consequently  the  presence  of 
6%  of  oleo  would  raise  the  refraction  about  0.3  of  a  division,  but 
oleomargarine  seldom  contains  as  little  oleo  as  in  this  instance, 
and  Vs  a  rule  the  amount  present  is  more  than  75%.  One  person 
can  make  five  or  six  times  as  many  refractions  of  butter  fat  in  an 
hour  as  he  can  determine  Reichert-Meissl  numbers  in  a  day. 
In  the  case  of  oUve  oil  the  usual  adulterants  are  cottonseed,  ses- 
ame, rape  seed,  corn,  peanut,  poppyseed  or  sunflower  oil,  and  with 
the  exception  of  peanut  oil,  all  these  oils  give  a  scale  reading  of 
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from  6  to  9  division  on  the  scale  of  the  butyro  refractometer  higher 
than  that  of  olive  oil.  An  adulteration  of  5%  is  clearly  indicated 
by  the  refraction  in  these  cases  and  the  only  possible  oil  which 
could  be  present  and  result  in  giving  a  normal  refraction  is  peanut 
oil  if  present  in  small  quantities.  If  peanut  oil  is  present  in  small 
amounts  the  iodine  number  and  other  constants  are  as  liable  to  be 
normal  for  olive  oil  as  the  refractive  index.  Of  course,  the  index 
of  refraction  should  not  be  relied  upon  exclusively  in  the  examina- 
tion of  oils  any  more  than  the  iodine  number  or  the  saponification 
number,  for  it  is  possible  to  mix  oils  in  such  a  manner  that  the  mixed 
oils  will  refract  like  the  oil  to  be  imitated,  but  if  a  sample  of  alleged 
olive  oil  is  found  to  contain  cottonseed  oil  the  refraction  is  as  good 
as  the  iodine  number  to  determine  the  quantities  present,  and  if 
the  refraction  of  the  oil  in  question  is  wrong,  the  oil  is  impure. 

The  refractive  index  of  the  fatty  acids  has  been  and  is  deter- 
mined in  the  analysis  of  fats,  oils,  and  soaps.  W.  B.  Smith^  has 
shown  that  the  relation  between  the  refractive  index  of  the  oil 
and  that  of  the  fatty  acids  depends  upon  the  percentage  of  acid 
in  the  glyceride,  being  nearly  independent  of  the  total  refraction 
and  the  iodine  value.  The  refractive  index  of  the  insoluble  fatty 
acids  of  liquid  oils  should  be  close  to  the  refractive  index  of  the  oils 
multiplied  by  0.9938;  the  factor  in  the  case  of  solid  fats  lies  be- 
tween 0.992  and  0.994  depending  upon  the  composition  of  the  fat. 

In  the  examination  of  turpentine  the  index  of  refraction  is  very 
valuable.  It  is  usual  to  submit  the  sample  to  fractional  distilla- 
tion and,  after  taking  the  specific  gravity  or  refraction  of  the  dif- 
ferent fractions,  to  plot  the  figures  obtained  using  the  percent 
distilled  as  ordinates,  and  the  constants  of  the  fractions  as  abscissae. 
Here  it  is  much  easier  to  obtain  the  refractive  index  by  means  of 
the  Abb6  refractometer,  than  the  specific  gravity.  A  further 
application  of  refraction  to  turpentine  analysis  is  in  the  polymer- 
ization test  as  first  shown  by  McCandless^  and  later  by  Herzfeld- 
Bohme^  modified  by  Donk  and  Veitch.*  The  turpentine  (5  cc.)  is 
polymerized  in  a  Babcock  milk  bottle  with  20  cc.  of  38N  sulphuric 
acid.     After  no  further  heating  of  the  bottle  occurs  it  is  warmed 

'J.  Ind.  &  Eng.  Chem.  1912  4,  36. 
2J.   Am.   Chem.   Soc.    1904^^,981. 
'Chem.  Ztg.   1906  30,  631. 
*Bur.  Chem.  U.  S.  D.  A.  Cir.  85. 
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to  60'',  concentrated  acid  is  added  to  nearly  fill  the  neck  and  the 
bottle  centrifuged  to  drive  the  unpolymerized  oil  into  the  cali- 
brated neck  where  the  volume  is  read.  Some  of  the  oil  is  then 
placed  between  the  prisms  of  the  Abbe  refractometer  and  if  the 
refraction  is  less  than  1.51  we  know  that  some  foreign  oil  is  present. 
Inasmuch  as  the  quantity  of  oil  may  be  only  a  few  drops,  no  other 
quantitative  figure  could  be  obtained.  The  following  chart  shows 
the  constants  of  a  pure  and  adulterated  sample  of  turpentine  from 
which  it  is  evident  that  the  refraction  figures  are  sufficient  to  estab- 
lish the  purity  or  impurity  of  the  sample  in  question. 

MIXTURES   OF   ORGANIC   LIQUIDS 

Beythien  and  Hennicke  propose  to  use  the  refraction  of  a  liquid 
as  a  means  of  determining  the  amount  of  the  constituents  of  mix- 
tures of  two  organic  hquids,  such  as  mixtures  containing  acetone, 
benzol,   carbon,  tetrachloride,   etc.,  where  no  other  method  is 

available.     The  formula  x  = ^^ —  is  given  where  x=  the 

ni— n2 

approximate  percentage  of  the  more  highly  refractive  substance, 

w  =  the  observed  refraction,  ni  =  the  refraction  of  the  more  highly 

refractive  substance,  and  rh  the  refraction  of  the  lower  refracting 

substance.     This  formula  does  not  take  into  consideration  the 

possible  contraction  or  expansion  of  the  liquid  due  to  the  mixture, 

and  two  control  mixtures  are  prepared  one  (A),  having  a  greater 

percentage  =  a  and  the  other  (B),  having  a  less  percentage  =  6  of 

the  higher  refracting  substance.     The  refraction  of  these  solutions 

is  determined,  and  by  substituting  in  the  equation 

x  =  b — ^^ — the  exact  value  of  x  is  determined.    For 

na— nb 

mixtures  of  three  components  one  must  be  determined  by  some 

other  method  and  the  others  as  above. 

In  the  quantitative  determination  of  alcohol  the  refractometer 

can  be  used  to  demonstrate  the  purity  of  the  alcohoP  and  also  to 

'This  has  proven  of  value  in  the  prosecution  of  liquor  cases  in  the  Mass. 
courts.  It  is  a  well  known  principle  of  criminal  law  that  the  government  must 
prove  its  case  beyond  a  reasonable  doubt.  A  chemist  testifying  for  a  de- 
fendant said  that  a  determination  of  the  specific  gravity  of  a  distillate  from 
a  sample  of  beer  was  insufficient  to  determine  the  percentage  of  alcohol, 
because  it  might  have  been  wood  alcohol.  The  determination  of  both  the 
gravity  and  refraction  of  such  distillates  proves  beyond  doubt  the  percentage 
and  kind  of  alcohol  in  the  sample. 
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determine  the  quantity  of  methyl  alcohol  in  mixtures  of  the  two 
alcohols. 

The  two  alcohols  have  approximately  the  same  gravity  from 
which  we  obtain  the  per  cent  of  alcohol,  but  the  refractions  of  the 
alcohols  are  vastly  different.  Starting  with  water,  the  refraction 
on  the  scale  of  the  immersion  refractometer  at  20"  C.  is  14.5 ;  the 
refraction  then  increases  with  increasing  quantities  of  methyl 
alcohol,  reaching  a  maximum  at  about  50%  where  the  refraction 
is  about  50.  With  a  further  increase  of  alcohol  the  refraction 
decreases  until  absolute  methyl  alcohol  is  reached,  the  refraction  of 
which  is  2.  For  refractions  between  14.5  and  50  there  are  two 
possible  percentages  of  methyl  alcohol.  In  the  case  of  ethyl 
alcohol  the  increase  in  refraction  is  much  more  rapid,  reaching  a 
maximum  of  101  at  about  85%,  then  it  drops  off  until  absolute 
alcohol  is  reached,  the  refraction  of  which  is  91.  Thus  for  re- 
fraction figures  between  91  and  101  there  are  two  possible  per- 
centages of  alcohol.  The  percentage  of  the  different  alcohols 
present  is  proportional  to  the  difference  between  the  refractions 
of  the  pure  alcohols  of  the  same  strength  as  the  mixed  sample.  In 
using  this  method  we  must  be  reasonably  sure  of  the  purity  of 
the  alcoholic  solution  as  the  presence  of  substances  other  than 
methyl  alcohol,  ethyl  alcohol  and  water  would  have  an  effect 
upon  the  gravity  or  refraction,  and  the  results  would  not  be  abso- 
lutely correct.  It  is  sometimes  difficult  to  quantitate  the  amount 
of  methyl  alcohol  in  mixtures  with  ethyl  alcohol  when  considerable 
acetone  is  present.  It  is  possible  to  obviate  this  to  a  measure  by 
treating  the  diluted  distillate,  placed  in  ice  water,  with  a  solution 
of  iodine  in  sodium  hydroxide,  thus  precipitating  the  acetone  as 
iodoform,  which  procedure  has  little  if  any  influence  upon  the 
alcohols.  The  iodine  may  be  removed  from  the  filtrate  from  the 
iodoform  by  treatment  with  acid  and  sodium  thiosulphate  and 
after  purification  by  distillation  the  alcohols  may  be  approxi- 
mately determined  from  the  refraction  and  gravity.  The  follow- 
ing is  Leach  and  Lythgoe's  table  giving  the  refraction  of  methyl 
and  ethyl  alcohols  on  the  scale  of  the  immersion  refractometer  at 
20"  C,  the  per  cent  of  alcohol  being  determined  by  weight  from 
Hehner's  tables. 
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Scale  Readings  on  Zeiss  Immersion  Refractometek    at    20° 
Corresponding  to  Each  Per  Cent  by  Weight  op  Ethyl 
AND  Methyl  Alcohols 
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The  refractometer  is  useful  in  the  examination  of  drugs  as  a 
means  of  corroborating  other  methods  of  analysis  and  as  a  qualita- 
tive test  for  the  presence  of  wood  alcohol.  In  the  examination  of 
spirit  of  peppermint  or  spirit  of  anise,  the  oil  is  separated  by  dilut- 
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ing  the  sample  with  water  or  some  aqueous  solutions  in  a  cali- 
brated tube,  and  its  volume  measured.  We  may  remove  the  sepa- 
rated oil,  dry  it  with  calcium  chloride  and  take  its  refraction  to- 
gether with  the  refraction  of  the  tincture.  If  we  know  the  per 
cent  of  alcohol  present,  the  per  cent  of  oil  may  be  calculated  from 
the  refraction  figures  by  the  method  previously  described.  It 
is  not  always  necessary  to  know  the  per  cent  of  alcohol  to  corrobo- 
rate the  other  findings  for  if  any  quantity  of  oil  is  present  we  know 
the  alcohol  must  be  over  90%  in  strength  in  order  to  keep  the  oil 
in  solution,  and  the  refraction  should  correspond  to  that  of  an 
alcoholic  solution  containing  the  percentage  of  oil  found  by  the 
other  method. 

In  making  examination  of  spirit  of  camphor  by  means  of  the 
polariscope  there  is  a  possibility  that  synthetic  camphor  may  be 
present  which  would  not  influence  polarized  light,  but  would  influ- 
ence the  refraction,  thereby  creating  a  discrepancy  which  would 
necessitate  further  work.  The  following  table  shows  the  value 
of  the  refraction  in  making  a  qualitative  test  for  methyl  alcohol 
in  spirit  of  anise  and  spirit  of  camphor. 

Anise  oil  10  cc.  Ethyl     Alcohol  95%  90  cc.  no  20°  1.3822 

Anise  oil    4  cc.  Ethyl     Alcohol  95%  95  cc.  no  20°  1.3713 

Anise  oil  10  cc.  Ethyl     Alcohol  80%  90  cc.  no  20°  1.3831 

Anise  oil  10  cc.  Methyl  Alcohol  95%  90  cc.  no  20°  1.3525 

Anise  oil  10  cc.         {  ^1^  ^llll^  S  «  To.  ]       -^  ^0°    1.3673 

Camphor  10  grams  Ethyl     Alcohol  95%  to  make  100  cc.    no  1.3747 

Camphor  10  grams  Ethyl     Alcohol  80%  to  make  100  cc.    no  1.3755 

Camphor  10  grams  Methyl  Alcohol  95%  to  make  100  cc.    no  1.3439 

rioTv^^k^,.  in  rrroma  /  Methyl  Alcohol  95%  \  Equal  quantities 

Camphor  10  grams  y  g^j^^j     Alcohol  95%  J  to  make  100  cc.    no  1.3593 

A  perusal  of  the  above  shows  that  the  presence  of  1%  of  methyl 
alcohol  in  the  alcohol  present  will  lower  the  refraction  by  approxi- 
mately 0.0003  and  by  dilution  with  water  to  80%  alcoholic  strength 
(the  highest  refracting  alcohol)  the  refraction  is  increased  by 
0.0009,  therefore  from  the  determination  of  the  camphor  by  means 
of  the  polariscope  and  taking  its  refraction,  or  in  the  case  of  spirit 
of  anise  by  determining  the  anise  oil  and  the  refraction  of  the  spirit, 
the  presence  of  5%  of  methyl  alcohol  is  clearly  indicated  by  the 
reduction  of  the  refraction  below  that  which  is  expected.  As  a 
rule  it  is  not  possible  to  prepare  for  commercial  use  tinctures  of 
essential  oils  with  alcohol  as  weak  as  80%  on  account  of  the  cloudi- 
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ness  produced,  and  therefore  the  refraction  of  such  tinctures 
would  be  liable  to  be  normal  in  most  instances.  With  camphor, 
however,  tinctures  can  be  and  are  commercially  made  with  80% 
alcohol,  and  such  tinctures  could  be  adulterated  with  3%  of  methyl 
alcohol  and  escape  detection  by  the  determination  of  only  the 
refraction  and  polarization  of  the  sample.  This  slight  amount  of 
adulteration  could  be  possible  only  by  accident. 

The  immersion  refractometer  is  primarily  used  in  the  examina- 
tion of  aqueous  solutions,  and  for  this  purpose  Bernard  Wagner  has 
published  79  tables  giving  readings  on  the  scale  of  the  instrument 
corresponding  to  the  concentration  of  various  aqueous  solutions, 
expressed  as  grams  per  100  cc.  at  17.5°  C.  The  accuracy  of  the 
determinations  may  best  be  illustrated  by  the  following  table : 


Substance 

Amount  causing 
variation  of  0. 1 
scale  division 
mg.  per  100  cc. 

Highest  concentra- 
tion measurable 
on  instrument 
Grams  per  100  cc. 

Max.  error  at 

highest 
concentration 

Max.  error  at  scale 

division  37  J 
max.  concentration 

HCl 

H2SO4 

HNO3 

KCl 

BaCh 

CaCl, 

17 
35 
31 
30 
24 
31 

15.55 
32.21 
28.54 
27.89 
21.63 
28.34 

0.11% 
0.11% 
0.11% 
0.11% 
0.11% 
0.11% 

0.46% 
0.48% 
0.45% 
0.46% 
0.48% 
0.46% 

As  each  1/10  of  a  scale  division  is  equivalent  to  a  definite  weight 
of  substance  per  100  cc.  of  solution  it  is  evident  that  the  percentage 
error  must  be  greater  with  the  lower  concentrations  and  will 
decrease  as  the  concentration  rises.  The  maximum  error  in  con- 
centrations of  approximately  normal  solutions  is  about  four  to 
five  tenths  of  one  per  cent.  This  becomes  less  as  the  concentration 
increases  and  at  the  maximum  concentration  within  the  scale 
limits  of  the  instruments  it  is  reduced  to  about  one-tenth  of  one 
per  cent.  Bernard  Wagner^  has  computed  tables  showing  the 
refractive  indices  on  the  scale  of  the  immersion  refractometer  of 
seventy-six  different  substances  in  aqueous  solutions  for  all  con- 
centrations within  the  range  of  the  instrument.  He  has  also  de- 
vised methods  for  the  determination  of  reducing  sugars,  calcium, 

'Bernard  Wagner.     Dissertation  Jena  1903. 

Bernard  Wagner.  Tabellen  zum  Eintauchrefractometer.  Sonderhausen 
1907. 
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magnesium,  and  phosphates,  using  the  refractometer  as  a  means  of 
determining  the  weight  of  the  final  product. 

Sodium  chloride  and  potassium  chloride  solutions  possess  dif- 
ferent refracting  power  at  the  same  concentration.  In  concentra- 
tions of  20  grams  per  100  cc.  NaCl  gives  a  scale  reading  of  99.5 
and  KCl  of  the  same  concentration  80.75,  the  difference  being  18.75 
scale  divisions.  Upon  this  difference  Wagner  has  based  a  method 
of  estimating  the  per  cent  of  KCl  and  NaCl  in  mixtures.  The 
mixed  chlorides  are  weighed,  sufficient  water  is  added  to  produce 
a  solution  equivalent  to  20  grams  per  100  cc,  the  refraction  of 
which  is  then  determined,  and  the  percentage  of  sodium  and 
potassium  chloride  is  calculated  or  is  obtained  from  the  table; 
0.1  scale  division  equals  0.53%  of  either  constituent.  This  of 
course  is  not  as  accurate  as  the  separation,  but  may  be  used  as  a 
check  before  precipitating  with  platinum  if  greater  accuracy  is 
desired. 

The  immersion  refractometer  may  be  used  to  determine  the 
concentration  of  sugar  solutions  up  to  23%  (Wagner's  tables) 
but  for  sugar  solutions  such  as  syrup,  maple  sjTup,  molasses,  etc., 
with  concentrations  of  60%-65%  the  Abb6  refractometer  is  to  be 
used,  employing  the  table  of  Geerlig  (Inter.  Sugar  Journal,  10  pp., 
69-70). 

In  sugar  solutions  of  high  purity  such  as  cane  table  syrup,  the 
refractometric  method  of  determining  solids  is  as  accurate  as  that 
of  drjdng  at  100°,  and  of  course  can  be  done  more  conveniently 
and  quickly.  The  following  table  of  A.  H.  Bryan^  shows  the  dif- 
ference between  gravimetric  and  refractometric  methods. 


Substance 

Number  of  Samples 

Difference  between  Gravimetric 
and  Refractometric  Methods 

Maple  sjTup 
Cane  table  syrup 
Cane  molasses 
Beet  molasses 
Honey 
Glucose 

13 
10 
17 
15 
24 
2 

-1.34  to  +0.72 
-0.79  to  +0.62 
-1.53  to  +0.59 
-1.83  to  -0.07 
-2.52  to  +0.91 
-0.27  to  +0.27 

Sugar  solutions  have  a  gravity  and  refraction  greater  than  water,    \ 
but  aqueous  solutions  of  alcohol  possess  a  gravity  less,  and  a  re- 

'J.  Am.  Chem.  Soc.  £8,  1443,  1908. 
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fraction  greater  than  the  solvent.  If  we  determine  the  refraction 
and  the  gravity  of  a  fermenting  solution  we  find  as  the  fermenta- 
tion proceeds  the  gravity  is  reduced  more  than  the  refraction,  and 
for  this  reason  it  is  possible  to  determine  the  alcohol  and  solids 
in  beer  from  the  specific  gravity  and  refraction.  This  is  accom- 
plished by  the  circular  revolving  rule  of  Ackermann;  the  rule  is 
rotated  until  the  arrow  mark  in  one  scale  coincides  with  the  specific 
gravity  of  the  beer.  There  are  two  scales  of  refraction:  the  figure 
coinciding  with  the  refraction  found  on  one  scale  is  the  per  cent  of 
solids,  and  on  the  other  scale  is  the  per  cent  of  alcohol.  The 
results  obtained  are  very  accurate.  Frank-Kamenctzky  has  de- 
vised a  sHde  rule  for  the  determination  of  alcohol  and  extract  in 
potato  mash  based  upon  a  similar  principle. 

Robertson  determines  the  percentage  of  casein  in  milk  as 
follows:  50  cc.  of  milk  are  diluted  to  250  cc.  and  75  cc.  N/10 
acetic  acid  slowly  added  with  constant  stirring.  The  precipitate 
is  filtered,  washed,  allowed  to  drain  one  hour,  transferred  with  the 
filter  to  a  dry  beaker  and  100  cc.  N/10  sodium  hydroxide 
(ud  20°  1.33444)  added.  After  complete  solution  it  is  filtered  and 
the  refraction  determined  by  means  of  a  Pulfrich  refractometer 
at  20°.     The  results  are  calculated  as  follows: 

Grams  of  casein  in  50  cc.  milk  = '- ,  where  n  =  the  ref rac- 

0.00152 

tive  index  of  the  final  solution. 

The  detection  of  added  water  in  milk  by  the  refractive  index  of 
the  milk  serum  is  largely  a  question  dealing  with  the  composition 
of  milk.  It  depends  upon  the  fact  that  the  most  variable  con- 
stituents of  milk  are  the  fat  and  the  casein  and  by  removing  these, 
the  serum  obtained  is  of  more  constant  composition  than  the 
milk.  Villiers  and  Bertault^  prepared  the  serum  by  boiling  one 
volume  of  1%  acetic  acid  with  two  volumes  of  milk,  cooling, 
filtering,  and  they  then  measured  the  refraction  by  means  of  the 
oleorefractometer.  From  the  figure  so  obtained  they  subtracted 
one-third  of  the  difference  between  the  refraction  values  of  the 
dilute  acid  and  distilled  water  and  then  multiplied  the  difference 
by  one  and  one-half,  thus  giving  the  value  for  undiluted  milk. 

'Bull.  Soc.  Chim.  1898  19,  305. 
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Matthes  and  Muller^  first  used  the  immersion  refractometer  for 
this  purpose,  preparing  the  serum  by  allowing  the  milk  to  sour 
spontaneously. 

Leach  and  Lythgoe'^  prepared  the  serum  by  heating  the  milk 
with  two  per  cent  of  twenty-five  per  cent  acetic  acid  and  deter- 
mined the  refraction  by  means  of  the  immersion  refractometer. 

Ackermann^  prepared  the  serum  by  heating  30  cc.  of  the  milk 
with  0.25  cc.  of  calcium  chloride  solution  (sp.  gr.  1.1375)  in  a 
boiling  water  bath  for  fifteen  minutes,  cooling  and  decanting  the 
liquid,  the  refraction  of  which  was  then  determined. 

Baier  and  Neumann^  use  a  citric  acid  and  asaprol  solution, 
which  is  mixed  cold  with  an  equal  volume  of  the  milk  and  the 
refraction  of  the  clear  filtered  serum  obtained  by  means  of  the  milk 
fat  refractometer. 

Lythgoe^  mixes  one  volume  of  copper  sulphate  solution  (72.5 
grams  per  liter)  with  four  volumes  of  milk  and  determines  the 
refraction  of  the  filtrate  by  means  of  the  immersion  refractometer. 

All  of  these  methods  are  of  value,  and  all  have  their  disadvan- 
tages. If  the  sample  of  milk  is  sour  when  received,  the  Ackermann 
method  is  the  only  one  applicable,  but  if  the  sample  is  sweet  this 
method  is  somewhat  slow,  especially  in  cold  weather.  The  asaprol 
citric  acid  method  has  been  criticized  on  account  of  the  difiiculty 
of  procuring  pure  asaprol,  and  the  consequent  difficulty  of  making 
the  precipitating  solutions  of  the  same  concentration.  It  has  been 
further  critized  because  the  serum  is  diluted  by  the  reagent.  This 
criticism  also  applies,  but  in  a  less  degree  to  the  copper  method. 
The  calcium  chloride  and  acetic  acid  methods  both  require  heat 
and  considerable  time  in  the  preparation  of  the  serum,  while  the 
asaprol  and  copper  sera  are  prepared  quickly  at  the  room  tempera- 
ture. 

The  refraction  of  milk  serum  depends  upon  its  concentration, 
and  if  the  concentration  is  known,  the  refraction  or  the  gravity  can 
be  calculated.     Weigner  and  Yakuwa®  have  shown  that  the  value 

>Z.  Oflf.  Chem.  1903  9,  173. 

2J.  Am.  Chem.  Soc.  1904  26,  1195. 

^Z.  Nahr-Genussm.  1907  13,  186. 

*Ibid  1907  IS,  369. 

^Report  Mass.  State  Board  of  Health.    1908-594. 

^Milchwirtsch.  Zentr.     1909  6,  473. 
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n'— 1    1 

of .  —  for  refractive  indices  at  17.6°  C  and  specific  gravity 

n2+2    d 

at  15/15  for  the  calcium  chloride  serum  is  0.2056,  and  if  n  and  d 

are  taken  at  the  same  temperature  the  value  is  0.2058.     Watering 

of  the  serum  has  but  Uttle  effect  upon  the  specific  refraction  of  the 

serum.     BulP  has  stated  that  the  determination  of  both  the 

gravity  and  refraction  of  the  acetic  serum  is  advisable  for  the 

detection  of  watered  milk.     The  writer  has  recently  calculated  the 

specific  refraction  of  milk  serum  prepared  by  the  acetic  acid  method 

from  some  determinations  made  about  five  years  ago  from  105 

samples  of  milk  of  known  purity,  the  results  of  which  are  given 

below. 


Number  of 
Samples 

Solids 

% 

Fat 

% 

Acetic  Acid  Serum 

Scale 

Reading 

20° 

20° 

Sp.  Gr. 
15/15° 

N2-1     1 

N2  +  2'd 

Highest 
Lowest 
Average 

12 

15.38 
14.02 
14.45 

5.95 
4.20 
4.92 

45.9 
42.9 
44.7 

1.34496 
1.34384 
1.34452 

1.0333 
1.0306 
1.0319 

0.20576 
0.20524 
0.20558 

Highest 
Lowest 
Average 

33 

13.85 
13.01 
13.42 

4.70 
3.33 
4.30 

45.6 
40.5 
43.2 

1.34485 
1.34294 
1.34396 

1.0322 
1.0282 
1.0302 

0.20576 
0.20541 
0.20554 

Highest 
Lowest 
Average 

33 

12.97 
12.00 
12.44 

4.40 
3.10 
3.73 

44.2 
40.6 

42.8 

1.34433 
1.34298 
1.34380 

1.0314 
1.0280 
1.0301 

0.20572 
0.20540 
0.20554 

Highest 
Lowest 
Average 

27 

11.97 
10.56 
11.42 

3.60 
2.60 
3.28 

42.9 
39.0 
41.0 

1.34384 
1.34237 
1.34313 

1.0307 
1.0266 
1.0290 

0.20572 
0.20545 
0.20553 

Average 

105 

13.39 

4.37 

42.9 

1.34384 

1.0302 

0.20554 

Subsequent  determinations  upon  a  smaller  number  of  whole  and 
watered  milk  samples  give  a  value  of  0.20551.  The  average  value 
of  the  fcpecific  refraction  where  the  gravity  and  refraction  were 
taken  at  the  same  temperature  was  0.20592. 

For  the  copper  serum  the  specific  refraction  (gravity  and  re- 
fraction determined  at  the  same  temperature)  was  found  to  be 
0.20526  and  for  the  sour  serum  0.20607. 

U.  Ind.  &  Eng.  Chem.  1911  3,  44. 


310  Original  Communications:  Eighth  International        [vol. 

The  relation  between  the  solids  and  refraction  of  the  serum  pre- 
pared by  both  the  copper  and  acetic  acid  methods  is  very  constant, 
and  the  value  of  A  in  the  formula  suggested  by  Walter  and  by 
Robertson  (n-n'  =  a  c),  is  0.00158. 

Using  the  above  constants  and  calculating  from  the  lowest 
refraction  found  for  several  hundred  samples  of  milk  of  known 
purity  examined  in  the  laboratory  of  the  Massachusetts  State 
Board  of  Health,  the  following  figures  are  obtained  representing 
the  lowest  possible  values  for  pure  milk. 


Acetic  acid  serum 

lowest  refraction  20" 

lowest  gravity      20° 

4° 

lowest  solids  per  cent 

39.0 
1.0244 

5.94 

Copper  serum 

lowest  refraction  20° 
lowest  gravity      20°/4° 
lowest  solids  per  cent 

36.0 
1.0245 
5.22 

Sour  serum 

lowest  refraction  20° 

38.3 

1.0229 

The  table  on  page  311  shows  the  figures  obtained  from  a  sample 
of  milk  systematically  watered. 

Naumann^  has  devised  a  method  for  the  refractometric  de- 
termination of  the  fat  in  milk  which  has  been  modified  by  Baier 
and  Neumann. 2  This  method  consists  in  coagulating  the  milk 
with  acetic  acid,  adding  water,  —  saturated  ether,  shaking  in  a 
shaking  machine,  adding  a  glycerine,  —  potassium  hydroxide 
copper  solution,  shaking  again,  centrifuging  and  taking  the  re- 
fraction of  the  ether  solution  of  the  fat  from  which  the  per  cent  of 
fat  is  calculated  by  means  of  tables.  The  quantities  of  milk  and 
reagents  used  are  different  in  the  two  methods,  and  consequently 
the  tables  differ.  Baier  and  Neumann  report  a  variation  between 
the  refractometric  method  and  the  Adams  method  in  twenty-two 
instances  of  from  +0.12  to  —0.16,  the  mean  being  —0;  between  the 
refractometric  and  Gerber  method  in  eighty  instances  of  from 
-1-0.04  to  —0.07,  the  mean  being  —0.013;  and  between  the  re- 
fractometric and  Gottlieb  method  of  from  +0.08  to  —0.11,  the 
mean  being  —0.024. 

'MUch  Ztg.  1900  29,  50. 

'Z.  Nahr-Genussm  1907  IS,  369. 
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Baier  and  Neumann*  have  also  applied  the  refractometer  to  the 
determination  of  lactose  in  milk  as  follows:  Treat  5  cc.  of  the  milk 
with  5  drops  of  4%  calcium  chloride  solution,  stopper  the  flask 
and  place  in  boiling  water  for  ten  minutes,  cool  and  place  a  few 
drops  of  the  serum  upon  the  prisms  of  the  milk  fat  refractometer, 
and  from  the  scale  reading  the  per  cent  of  sugar  is  determined  by 
means  of  the  table. 

The  refractive  index  may  be  used  indirectly  to  determine  a 
component  of  a  substance.  Zwick^  uses  the  immersion  refractom- 
eter for  the  determination  of  tannin  by  taking  the  refraction  of 
the  solution  before  and  after  precipitating  with  hide  powder. 
The  difference  between  the  two  readings  is  multiplied  by  the  proper 
factor.  Sager'  and  Falciola  and  Corridi^,  however,  find  that  the 
factors  given  are  either  too  slight  or  too  variable  for  the  determina- 
tion of  tannins  or  detection  of  adulteration.  R.  E.  Remington^ 
suggests  the  use  of  the  immersion  refractometer  for  the  determina- 
tion of  the  solids  in  cider  vinegar.  The  reading  of  the  vinegar 
on  the  scale  of  the  immersion  refractometer  is  determined,  from 
which  is  subtracted  the  scale  reading  due  to  the  acetic  acid  present, 
obtained  from  Wagner's  table,  and  the  difference  divided  by  3.9 
gives  the  per  cent  of  solids  in  the  sample.  Results  show  variations 
of  from  —0.18  to  —0.24  in  samples  containing  from  1.68%  to 
5.01%  solids,  and  from  4.10%  to  5.17%  acetic  acid.  In  all  cases 
of  wide  variation,  other  analytical  figures  showed  that  the  samples 
may  have  been  adulterated.  He  makes  no  mention,  however,  of 
the  influence  of  any  alcohol  that  may  have  been  present. 

Hanus  and  Chocensky^  have  suggested  the  use  of  the  immersion 
refractometer  for  the  determination  of  caffein.  They  show  that 
there  is  a  loss  of  caffein  during  drying  at  85°  and  a  still  greater  loss 
in  drying  at  100°.  To  avoid  this  source  of  error  they  dissolve  the 
caffein  obtained  in  the  usual  way,  in  water,  measure  the  volume 
and  the  refractive  index  at  17.6°  (on  the  scale  of  the  immersion 
refractometer)  of  the  solution.     The  amount  of  caffein  is  then 

>Z.  Nahr-Genussm  1907  IS,  369. 

'Chem.   Ztg.  32,  405. 

'Ledertechm.   Rundschau   1909,  27. 

♦Collegium  1910,  21. 

'^Bull.  N.  Dakota  Agr.  Exp.  Sta.  March,  1912. 

•Z.  Nahr-Genussm  1906  11,  313. 
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found  by  means  of  the  formula  X= ,  where  X  =  caffein  as 

5 

grams  per  100  cc,  y=  the  scale  reading  of  the  caffein  solution 

and  15  is  the  reading  of  water  at  the  same  temperature. 

The  advantages  of  refractometry  as  applied  to  analytical 
chemistry  may  be  briefly  summarized  as  follows : 

It  is  possible  to  obtain  the  refractive  index  when  the  specimen 
is  too  small  for  other  quantitative  measurement. 

For  routine  work  the  refractive  index  is  more  quickly  obtained 
than  any  other  physical  or  chemical  constant.^  For  the  quantita- 
tive determination  of  methyl  alcohol  it  is  indispensable.  For 
the  determination  of  substances  which  may  lose  weight  in  drying, 
such  as  sugar,  it  is  advantageous  and  time  saving.  It  is  helpful  in 
checking  results  found  by  other  methods  and  under  certain  con- 
ditions, as  with  beer,  separations  are  unnecessary  to  secure  quanti- 
tative results.  It  is  also  of  value  in  obtaining  the  quantities  of 
mixtures  which  cannot  be  separated,  and  as  a  rapid  means  of  deter- 
mination when  the  separation  may  be  difiicult. 

The  future  of  refractometry  cannot,  of  course,  be  prophesied. 
Judging  from  the  increase  in  the  literature  year  by  year,  it  is  a 
subject  of  much  study  from  which  has  been  and  can  be  derived 
data  of  considerable  value.  It  seems  probable  that  methods  for 
the  quantitative  determination  of  fat  in  such  substances  as  cocoa, 
coffee,  spices,  etc.,  in  a  manner  similar  to  those  for  fat  in  milk  are 
both  feasible  and  desirable.  There  is  a  possibility  that  precipita- 
tion reactions  similar  to  that  described  for  tannins  may  be  ap- 
plicable where  the  refractive  index  is  determined  before  and  after 
precipitating,  and  from  the  difference,  the  precipitated  substance 
may  be  calculated. 

One  difficulty  in  the  manufacture  of  tinctures  is  the  control  of 
the  alcohol  content,  which  will  vary  according  to  the  moisture  in 
the  drugs  used.  This  may  be  solved  by  the  use  of  the  specific 
gravity  and  refractive  index  of  the  tinctures  in  a  manner  similar 
to  that  used  in  breweries  and  distilleries. 

The  instruments  to  be  employed  depend  upon  the  character  of 

*The  chemist  of  a  large  soap  factory  told  me  that  his  Abbfe  refractometer 
paid  for  itself  in  one  week  by  saving  time  in  the  determination  of  the  con- 
centration of  glycerine. 


314  Original  Communications:  Eighth  International        [vol. 

the  work.  For  the  usual  laboratory  the  Abb6  and  immersion 
refractometers  are  sufficient. 

n^— 1 

Two  tables  of  value  of follow,   one  for  each  value  of  n 

n2  +  2 

from  1.300  to  1.879,  the  other  for  each  scale  division  of  the  immer- 
sion, butyro  and  milk  fat  refractometers.  In  preparing  the  first 
table  the  fractions  were  calculated  for  values  of  n  from  1.30  to 
1.80,  using  Vega's  seven  place  logarithm  tables.  As  the  values  of 
n  increased,  the  differences  between  the  corresponding  values  of 

n^— 1 

decreased  by  a  nearly  constant  quantity,  and  by  means  of 

this  quantity  the  figures  corresponding  to  the  third  decimal  of  n 

were  calculated.     By  interpolation  in  the  table  it  is  possible  to 

n^— 1 

obtain  correct  values  of of  five  figures  corresponding  to 

n2+2 

values  of  n  to  the  fifth  decimal  place.  The  values  corresponding 
to  the  scale  readings  of  the  immersion  refractometer  were  calcu- 
lated for  each  scale  division  up  to  52  and  from  53  to  105  were  inter- 
polated from  values  calculated  every  five  scale  divisions.  The 
values  corresponding  to  the  other  scales  were  obtained  from  the 
first  table  of  specific  refraction. 

I  wish  to  express  my  thanks  to  Dr.  P.  G.  Nutting  of  the  Bureau 
of  Standards,  Washington,  D.  C.  who  has  kindly  looked  over  this 
paper  and  verified  the  physical  formulsB. 
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DOSAGE  DU  CARBONE  TOTAL  DES  ACIERS  ET  DES 

FERRO-ALLIAGES  PAR  COMBUSTION  SOUS 

PRESSION  D'OXYGENE 

Par  P,  Mahler  et  E.  Goutal 


1.  —  Principe  de  la  Methode 

Le  dosage  du  carbone  total  des  aciers,  par  combustion  dans 
Foxygene,  a  d'abord  6t6  realise  a  I'aide  de  I'appareil  a  analyse 
elementaire,  c'est-a-dire  dans  un  courant  d'oxygene.  L'introduc- 
tion  dans  les  laboratoires  de  fours  a  chauffage  ^lectrique  a,  ensuite, 
beaucoup  am^liore  le  proced^.^ 

Le  chauffage  ^lectrique  d'un  tube  de  porcelaine  permet  d'obtenir 
la  temperature  61ev6e  indispensable  pour  brtiler,  non  seulement, 
les  aciers  mais  aussi  les  alliages  r^fractaires.  Cette  methode 
n'admet  que  des  prises  d'essai  de  faible  poids.  C'est  ainsi  qu'on 
ne  pent  guere  traiter  plus  de  un  demi  gramme  de  f erro-chr6me : 
premier  inconvenient.  II  est,  en  outre,  tres  difficile  de  bruler  le 
metal,  au  four  electrique,  sans  observer  dans  le  courant  gazeux 
des  quantites  parfois  importantes  d'oxyde  de  carbone,  indices 
d'une  combustion  incomplete.  C'est  un  second  inconvenient  qui 
a  conduit  a  compliquer  I'appareil  par  I'emploi  d'un  four  com- 
plementaire.  Mais  malgre  cette  precaution,  nous  verrons  que 
I'oxydation  complete  des  carbures  metalliques  reste  toujours 
aleatoire. 

Un  procede  plus  nouveau^  consiste  k  allumer  le  metal  eiectrique- 
ment,  dans  une  enceinte  fermee,  remplie  d'oxygene,  sous  une 
pression  un  peu  superieure  k  la  pression  atmo&pherique.  Ce 
second  procede  est  beaucoup  plus  rapide  que  le  premier.  Son 
principal  inconvenient  est  de  n'admettre  que  des  prises  d'essai 
d'un  tres  faible  poids,  surtout  quand  il  faut  brtiler  des  ferro-alliages. 
A  quelle  incertitude  ne  s'exposet-on  pas,  avec  une  prise  d'essai 
de  moins  de  un  demi  gramme,  par  exemple,  d'un  ferro-silicium 

iTraite  d'analyse  des  substances  min^rales  par  Ad.  Carnot,  T.  Ill,  p.  783. 

sProcede  de  determination  rapide  du  carbone  total  dans  les  fers,  les  aciers 
et  les  ferro-alliages  par  H.  de  Nolly,  Revue  de  M6tallurgie  1911,  p.  391  et  p. 
717. 
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dont  la  teneur  en  carbone  ne  d^passe  guere  0,10  gr.  pour  cent 
grammes? 

Nous  avons  pr^sent^,  le  11  Septembre  1911,  a  I'Acad^mie  des 
Sciences,  une  methode  qui  parait  offrir  des  avantages  serieux 
par  rapport  a  celles  dont  il  vient  d'etre  question.  Depuis  cette 
epoque,  nous  I'avons  am^lior^e,  nous  en  avons  examine  tous  les 
details  et  nous  I'avons  6tendue  aux  ferro-alliages  les  moins  faciles 
a  bruler. 

L'idee  de  notre  methode  est  aussi  vieille  que  I'obus  calori- 
m^trique.^  C'est  tout  r^cemment  que  les  circonstances  nous  ont 
permis  de  I'etudier. 

Le  procede  consiste  a  bruler  la  prise  d'essai  au  sein  de  I'obus, 
sous  une  pression  d'oxygene,  assez  elev6e  pour  assurer  I'oxydation 
du  m^tal  et  du  carbone  qu'il  contient.  La  combustion  est  done 
accompagnee  d'une  elevation  de  temperature  instantanee  con- 
siderable. II  suffit  ensuite  d'extraire  les  gaz  et  d'y  doser  I'anhydride 
carbonique  pour  en  deduire  la  quantite  de  carbone  cherch^e.  Le 
lavage  des  gaz  de  la  combustion  dans  un  volume  connu  d'une 
solution  alcaline  titree,  fournit  un  moyen  facile  de  pratiquer  le 
dosage  de  I'anhydride  carbonique  puisqu'il  suffit  de  titrer  la 
solution  apr^s  le  lavage. 

L'appareil  dont  nous  nous  servons  k  I'Ecole  des  Mines  permet 
d'arriver  ais^ment  au  dosage  du  carbone  des  aciers  et  des  ferro- 
alliages.  II  admet  des  prises  d'essai  d'un  poids  important,  pouvant 
au  besoin  depasser  10  grammes.  II  se  prete  a  toutes  les  verifica- 
tions desirables,  notamment  au  controle  de  la  combustion  complete 
du  carbone,  sous  forme  d'anhydride  carbonique. 

Nous  avons  mis  ce  point  eu  evidence,  dans  des  experiences 
sp^ciales,  en  recherchant  I'oxyde  de  carbone  dans  les  gaz  resultant 
de  quelques  combustions;  nous  n'en  avons  jamais  trouv^. 

Enfin,  notre  appareil  r^duit  au  minimum  I'intervention  de 
I'habilete  professionnelle  de  I'operateur.  C'est  ainsi  que  mis 
entre  les  mains  d'  l^ves  de  I'Ecole  des  Mines,  des  le  mois  de 
Decembre  dernier,  il  a  fourni,  tout  de  suite,  des  r^sultats  exacts; 
alors  que  les  jeunes  chimistes  n'eussent  obtenu  des  chiffres  accep- 

^P.  MaMer:  Compte  Rendus  30  Novembre,  1891;  Contribution  a  I'^tude  1 
des  combustibles  (Bulletin  de  la  Soci^te  d'encouragement  k  I'lndustrie  Natio-  ' 
nale  1892) ;  Etudes  sur  les  combustibles,  1903. 


Congress  of  Applied  Chemistry 


335 


tables,  soil  au  four  61ectrique,  soit  siiivant  la  methode  de  Wiborgh, 
qu'au  prix  d'un  apprentissage  assez  long. 


Le  tableau  suivant  permet  de  comparer  nos  r^sultats  (colonne  A) 
a  quelques-uns  de  ceux  trouves  par  les  Eleves : 

A  B 


Acier  extra-doux  Trignac 
Acier  nickel  du  Creusot 
Acier  silicium  d'Imphy 
Acier  tungstene  Creusot 
Acier  chrome  Creusot 
Acier  extra  dur  Creusot 
Fonte  Thomas  Creusot 


MM. 

C.  pour  cent  0.060   0.060  Lemoine 

C.  pour  cent  0.370   0.370  Cellier 

C.  pour  cent  0.485   0.485  Puiseux 

C.  pour  cent  0.521   0.520  Callies 

C.  pour  cent  0.560    0.570  d'Anglejan 

C.  pour  cent  1.365    1.320  Lehmann 

C.  pour  cent  2.950   2.950  Boulzaguet 


II.  —  Description  de  I'Appareil 

Notre  instrument  est  une  chambre  de  combustion  en  acier 
doux,  forgee  a  Imphy  expressement  en  vue  de  nos  recherches. 
Son  volume  est  bien  superieur  a  celui  de  Tobuscalorimetrique. 
Elle  est  cylindrique  avec  200  millimetres  de  hauteur  et  85  milli- 
metres de  diametre,  correspondant  £l  un  peu  plus  de  1100  centi- 
metres cubes  de  capacity. 

La  prise  d'essai  est  plac^e  dans  une  petite  capsule  en  terre 
refractaire,  exempte  de  carbonate  de  calcium.  Nous  avons  fait 
usage  de  trois  modeles  de  capsules,  Tun  petit,  de  40  millimetres 
de  diametre  pour  les  prises  d'essai  de  3  ou  4  grammes  de  metal, 
I'autre  moyen,  de  50  millimetres  de  diametre  pour  les  prises 
d'essai  de  5  grammes  environ  de  metal;  enfin,  la  plus  grande  de 
nos  capsules  a  60  miUimetres  de  diametre,  elle  convient  aux 
prises  d'essai  atteignant  et  meme  depassant  10  grammes.  Les 
capsules  resistent  parfaitement  a  I'operation. 

L'allumage  se  fait  k  I'aide  d'un  fil  tres  leger  de  fer,  d'un  poids 
connu,  qu'un  courant  electrique  enfiamme,  au  moment  voulu. 

La  plupart  des  details  de  I'appareil  sont  la  reproduction  de  ce 
qui  existe  dans  I'obus  calorimetrique.  Cependant,  les  tiges  de 
suspension  de  la  capsule  et  les  electrodes  dans  le  nouvel  appareil, 
ne  sont  pas  en  platine,  mais  en  cuivre  rouge.  Ces  tiges  sont 
encore  en  excellent  6tat,  apres  plus  de  deux  cents  combustions. 
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La  nouvelle  chambre  de  combustion  n'est  pas  ^maillee.^ 

Le  couvercle  porte  deux  robinets  pointeaux  identiques:  I'un 
d'eux  est  en  relation  avec  un  tube  de  cuivre  qui  descend 
jusqu'au  fond  de  la  chambre  de  combustion,  disposition  adoptee  d^s 
I'origine,  dans  quelques  obus  construits  envue  de  la  combustion 
calorim^trique  non  seulement  des  substances  solides  mais  aussi 
du  gaz  d'^clairage ;  elle  permet  de  balayer  a  volonte  les  gaz  existant 
k  Tint^rieur  de  instrument . 

La  fermeture  est  assuree  par  un  couvercle  qui,  serr^  par  des 
boulons,  vient  comprimer  une  bague  de  plomb. 

Le  dessin  que  nous  donnons  ci-contre  figure  d'une  fagon  tres 
claire  les  departs  de  I'appareil  et  de  ses  accessoires. 

Au  milieu,  la  chambre  de  combustion.  La  charge  est  prete 
dans  la  capsule  pour  I'allumage.  On  remarque  le  fil  de  fer  qui 
sert  d'amorce  et  qui,  en  serpentant,  prend  le  plus  de  contact 
possible  avec  la  prise  d'essai. 

Apres  la  combustion,  on  ouvre  le  pointeau  de  droite  et  les  gaz 
sont  evacues  et  laves  dans  des  ^prouvettes  garnies  d'une  solution 
alcaline.  Ces  eprouvettes  sont  munies  de  tubes,  modification  et 
agrandissement  du  dispositif  adopte  par  Maquenne,  assurant  un 
lavage  rapide  et  efiicace.  La  figure  indique  trois  grands  absorbeurs. 
Le  quatri^me,  plus  petit,  regoit  de  I'eau  de  baryte.  C'est  un 
tube  temoin. 

Le  flacon,  a  I'extremit^  droite,  oil  vient  aboutir  le  courant 
gazeux,  d^barrasse  de  son  anhydride  carbonique  sert  pour  les 
operations  ulterieures  de  titrage. 

Quand  la  plus  grande  partie  des  gaz  a  6t6  ^vacu^e,  le  courant 
s'arrete  sous  la  pression  du  liquide  des  tubes  laveurs.  II  faut  alors 
balayer  a  I'aide  d'un  courant  d'air  pur  ce  qui  reste  a  I'interieur 
de  I'appareil  et  entrainer  les  moindres  traces  d'anhydride  car- 
bonique dues  a  la  combustion.  On  admet  done  par  le  robinet  de 
gauche  de  I'air  ou  de  I'oxygene  sous  pression,  decarbonate  par  des 
solutions  de  potasse  et  de  barjrte.  Des  barboteurs  originaux,  k 
disques  de  nickel  perfores,  r^alisent  ce  lavage  dans  les  meilleures 
conditions. 

iQuand  on  se  propose  de  recueillir  et  d'^tudier  certains  produits  de  la  com- 
bustion, comme  I'acide  sulfurique  provenant  du  soufre  du  m6tal  brtlle,  I'ap- 
pareil regoit  un  vase  cylindrique  en  porcelaine  ou  en  tole  emaill6e  qui  constitue 
un  6mail  amovible. 

La  vignette  k  la  partie  sup^rieure  de  notre  dessin,  pr^sente  un  de  ces  vases. 
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Des  clefs,  un  manometre,  des  tubes  de  raccord  completent 
Tappareil.  Une  vignette  montre  ces  accessoires:  on  y  voit  I'obus 
au  moment  ou,  la  charge  etant  preparee,  on  introduit  I'oxygene 
dans  la  chambre  de  combustion  par  le  pointeau  qui  est  en  relation 
avec  le  tube  int^rieur.  L'oxygene  en  entrant,  ainsi,  ne  souleve 
aucune  partie  de  la  matiere  contenue  dans  la  capsule.  Le  mano- 
metre est  fixe  a  I'autre  pointeau. 

L'appareil  de  I'Ecole  des  Mines,  cree  en  vue  de  di verses  recher- 
ches  est  bien  plus  resistant  qu'il  ne  convient  pour  le  dosage  du 
carbone.  II  a  ete  eprouve  a  400  atmospheres.  Or,  nous  n'avons 
oper6  aucune  combustion  k  une  pression  superieure  a  12  atmos- 
pheres; et,  encore,  faut-il  noter  que  des  I'inflammation  de  la 
prise  d'essai,  la  pression  interieure  s'abaisse,  par  suite  de  I'oxy- 
dation  du  fer. 

A  cet  egard,  un  appareil  reserve  au  dosage^  du  carbone,  serait 
bien  moins  resistant  et  plus  leger  que  le  notre,  et  son  mode  de 
fermeture  pourait  etre  simplifi6. 

Nous  ne  doutons  pas  que  I'on  puisse  obtenir  des  dosages  satis- 
faisants  de  carbone  a  I'aide  de  I'obus  calorimetrique  ordinaire, 
en  prenant  des  precautions  particulieres. 

Enfin,  la  m^thode  que  nous  decrivons  s'applique  au  dosage  du 
carbone  dans  n'importe  quelle  matiere  organique.  Berthelot 
avait  indiqu6  cet  emploi  de  la  bombe. 

III.  —  Examen  de  la  Methode 

Les  lignes  suivantes  font  connaitre  comment  nous  employons, 
pour  doser  le  carbone  des  aciers  et  des  ferro-alliages,  l'appareil 
qui  vient  d'etre  decrit.  Elles  insistent  sur  la  critique  des  causes 
d'erreur. 

1°.  —  Preparation  de  la  Prise  d'Essai 

A, —  Cas  des  Aciers. —  L'^tat  de  la  prise  d'essai  importe  peu. 
Nous  avons  brtile  des  aciers  a  I'etat  soit  de  fines  pergures,  soit  de 
copeaux,  soit  de  sable  grossier. 

Le  poids  de  la  prise  d'essai  peut  etre  assez  eleve  jusqu'a  10 
grammes  d'acier  et  meme  davantage.  Le  poids  de  la  charge  est 
limite  cependant  par  les  dimensions  de  la  capsule.  Nous  pensons 
que  le  r^sidu  fondu  trouve  apres  I'operation  ne  doit  pas  avoir 
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plus  de  cinq  millimetres  d'6paisseur.  D'autre  part,  si  I'on  assigne 
im  volume  (100  centimetres  cubes,  par  exemple)  de  solution 
alcaline  pour  absorber  I'anhydride  carbonique,  on  doit,  par 
precaution,  admettre  que  ce  volume  sera  d'un  tiers  au  moins  plus 
que  sufiisant  pour  obtenir  un  protocarbonate  avec  I'anhydride  car- 
bonique correspondant  a  la  teneur  en  carbone  pr^sumee  du  metal. 

En  fait,  dans  la  plupart  de  nos  essais,  les  prises  d'essai  ont 
varie  de  3  a  5  grammes. 

Quand  la  prise  d'essai  est  convenablement  plac^e  au  fond  de  la 
capsule,  on  obtient  frequemment  la  combustion  complete  de  la 
charge.  Mais,  il  arrive  aussi  que  le  bain  d'oxyde  de  fer  fondu 
dans  une  capsule  trop  petite  s'etant  fige  tres  rapidement,  sur  une 
trop  grande  epaisseur,  on  trouve  au  fond  de  la  capsule,  sous  forme 
d'un  globule  fondu,  quelques  centigrammes  du  metal  qui  ont 
6chappe  a  I'oxydation.  La  composition  de  ce  r^sidu  metalhque 
est  incertaine.  II  y  a  done  la  une  cause  d'erreur  que  Ton  6vite, 
en  grande  partie,  par  I'emploi  d'une  capsule  plus  grande. 

En  plus,  nous  avons  observe  que  les  aciers  silicieux  brtiles  sans 
addition,  et  en  apparence  oxyd^s  completement,  ne  donnaient 
par  combustion  qu'une  partie  de  leur  carbone  sous  forme  d'an- 
hydride  carbonique. 

C'est  ainsi  que  la  combustion  d'un  acier  a  1,28  de  silicium 
d'Imphy,  ne  nous  a  revels  que  0,20  de  carbone  contre  0,48,  teneur 
vraie;  que  la  combustion  d'un  acier  a  1,98  de  silicium  d'Imphy, 
ne  nous  a  revele  que  0,16  de  carbone  contre  0,49,  teneur  vraie.^ 

Dans  ces  conditions,  nous  estimons  necessaire  une  addition 
au  metal  d'un  fondant  oxydant,  capable  de  retarder  la  solidifica- 
tion du  residu  oxyde  et  de  completer  I'oxydation  du  metal. 

Nous  avons  etudie  I'emploi  du  protoxyde  de  plomb,  du  bi- 
oxyde  de  plomb  et  de  I'oxyde  de  cuivre  pur  et  calcin^. 

Tons  ces  corps  permettent  d'arriver  au  r^sultat. 

L'oxyde  de  plomb  doit  etre  exempt  de  poussieres  organiques 
et  d'acide  carbonique.  Nous  le  preparons  en  calcinant  le  bioxyde 
du  cormnerce,  exempt  de  matieres  organiques. 

Nous  ne  I'employons  que  nouvellement  prepare,  pour  ^carter 
la  cause  d'erreur  provenanfc  de  la  carbonatation  par  I'air. 

>Ce8  experiences  mettent  en  6vidence  la  presence  dans  les  aciers  silicieux 
d'une  quantity  importante  de  carbone,  sous  une  forme  difficile  h  brtiler. 
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Le  bioxyde  de  plomb  doit  etre  pur,  exempt  de  poussieres  et 
d'acide  azotique.  Nous  avons  eu  quelques  difficultes  a  nous  en 
procurer,  dans  ces  conditions. 

Nous  avons  reconnu  que,  pour  obtenir  I'oxydation  complete 
du  metal,  il  suffisait  d'aj outer,  dans  la  capsule,  k  la  prise  d'essai, 
sous  forme  de  PbO,  la  moiti^  au  plus  du  poids  du  metal  k  brtiler. 
C'est  principalement  du  protoxyde  de  plomb  que  nous  avons 
fait  usage. 

Nous  preparons  la  charge  comme  il  suit : 

La  capsule  est  d'abord  portee  au  rouge  et  debarrass^e  ainsi 
de  toutes  traces  de  poussieres  organiques.  Elle  revolt  ensuite, 
encore  rouge,  I'oxyde  de  plomb  qui  fond  aussitot;  enfin  refroidie, 
elle  regoit,  au-dessus  de  la  masse  d'oxyde  de  plomb,  la  prise  d'essai 
elle-meme. 

L'oxyde  de  plomb  pent  apporter  une  cause  d'erreur  eventuelle 
par  suite  de  sa  carbonatation  k  I'air.  D'autre  part,  la  combustion 
vive  a  pour  effet  de  tapisser  la  parol  de  la  chambre  de  combustion 
d'une  certaine  quantite  d'oxyde  pulverulent,  qui  peut  retenir  un 
peu  d'anhydride  carbonique.     C'est  une  cause  d'erreur,  par  defaut. 

Or,  nous  avons  brule  5  grammes  d'acier  doux  de  Trignac,  sans 
addition,  dans  I'appareil,  resultat:  0.068%  de  carbone;  3  grammes 
sans  addition,  resultat:  0.071  de  carbone;  6  grammes  avec  3 
grammes  d'oxyde  de  cuivre,  resultat:  0.070  de  carbone;  enfin,  5 
grammes  avec  3  grammes  d'oxyde  de  plomb,  resultat:  0.071%  de 
carbone. 

Nous  concluons  de  la  concordance  de  ces  essais  que  I'emploi 
de  l'oxyde  de  plomb  est  sans  influence  sensible  sur  la  precision 
du  dosage. 

B. —  Cas  des  fontes  et  des  ferro-alliages. —  La  combustion  des 
Pontes  et  des  ferro-alliages  ordinaires,  tels  que  le  silico-spiegel  et  le 
ferro-manganese,  n'offre  pas  de  difficultes.  Ce  que  nous  venons 
de  dire  s'applique  a  ces  metaux.  En  outre,  nous  jugeons  commode 
de  placer  dans  la  capsule  un  gramme,  par  exemple,  de  fer  metal- 
lique  facile  a  bruler  et  de  teneur  en  carbone  connue,  entre  la  prise 
d'essai  et  le  fil  de  fer  qui  sert  d'amorce.  On  assure  ainsi  la  par- 
faite  inflammation  du  m^tal.  Nous  reviendrons  bientot  sur  cet 
emploi  du  fer,  comme  combustible  auxiliaire. 
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La  combustion  des  ferro-alliages,  tels  que  le  ferro-vanadium 
et  le  ferro-molybd^ne,  est  ais^e. 

Nous  avons,  par  ailleurs,  traite  ces  alliages  comme  les  alliages 
tr^s  refractaires  dont  il  va  etre  question. 

La  combustion  complete  des  ferro-alliages  refractaires,  tels 
que  le  ferro-silicium,  le  ferro-chrome,  le  ferro-tungst^ne,  le  ferro- 
titane,  exige,  en  plus  d'un  fondant  comme  I'oxyde  de  plomb  un 
combustible  auxiliaire.  On  ne  manque  jamais  de  recourir  a  un 
semblable  artifice,  quand  une  combustion  dans  la  bombe  offre 
quelques   difiicult^s. 

Nous  avons  etudie  I'emploi  du  fer  metallique^  qui  a  I'avantage 
de  diminuer  la  teneur  moyenne  en  element  r^fractaire  de  la  charge 
de  la  capsule. 

Nous  avons  etudie  aussi  I'emploi  du  manganese  alumino- 
thermique,  concurremment  avec  le  fer  et  avec  I'oxyde  de  cuivre. 
Nous  avons  ainsi  obtenu  de  bons  resultats.  Mais,  le  manganese 
ne  pent  etre  ajoute  qu'en  tres  faible  quantite:  le  moindre  exc^s 
ayant  pour  effet  de  percer  la  capsule  pendant  la  combustion. 

L'emploi  du  fer  en  quantite  sufiisante  est  preferable.  II  est 
legitime,  puisque  notre  m^thode  permet  de  titrer,  avec  une  grande 
precision,  meme  sur  une  prise  d'essai  de  10  grammes,  la  teneur  en 
carbone  de  I'^chantillon  adopts  comme  combustible  auxiliaire. 

Pour  I'essai  des  ferro-alliages  refractaires,  nous  avons  separ^ 
deux  cas: 

1°. — Cas  des  ferro-alliages  k  faible  teneur  en  carbone. — 

C'est  peut-etre  le  plus  int^ressant.  Parmi  ces  ferro-alliages, 
on  trouve  le  plus  difficile  a  bruler  des  ferro-alliages  courants,  le 
ferro-silicium  et  il  importe  d'operer  sur  une  prise  d'essai  un  peu 
considerable,  au  moins  deux  grammes. 

D'une  faQon  generale,  nous  avons  reconnu  que  la  quantity  de 

fer  suffisante,  k  m^langer  k  la  prise  d'essai  etait  d'environ  3  fois 

le  poids  de  cette  prise  d'essai;  la  quantite  d'oxyde  de  plomb  a 

ajouter  restant  representee  par  la  moitie  de  la  charge  metallique 

de  la  capsule.     Regie  qui  n'a  rien  d'absolu.     A  deux  grammes 

de  ferro-alliages,  par  exemple,  correspondent  6  grammes  de  fer  et 

4  grammes  d'oxyde  de  plomb. 

iM.  de  Nolly  a  fait  connaitre  en  Septembre  dernier  I'emploi  du  fer  metal- 
lique pour  assurer  la  combustion  des  ferro-aUiages  dans  son  ingenieux  appareil 
(loc.  cit.) 
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Pratiquement,  nous  fondons  d'abord  3  grammes  d'oxyde  de 
plomb  dans  le  fond  de  la  capsule  et  nous  versons,  audessus  de  cet 
oxyde,  la  charge  composee  du  melange  de  2  grammes  de  ferro- 
alliages,  de  6  grammes  de  fer  en  fines  pergures  et  de  1  gramme  de 
bioxyde  de  plomb  en  poudre. 

2°.^Cas  des  ferro-alliages  riches  en  carbone. — 

Certains  de  ces  alliages,  comme  le  ferro-chrome  peuvent  retenir 
plus  de  10%  de  carbone.  Limit^s  par  le  volume  de  liqueur  titr^e 
que  nous  nous  sommes  assign^,  100  centimetres  cubes,  nous 
pref^rons  ne  brtiler  qu'un  poids  assez  faible  de  metal,  par  exemple 
0,400  gr.  de  ferro-chrome  riche.  Comme  la  combustion  d'une 
masse  m^tallique  un  peu  importante  est  indispensable  pour 
assurer  I'oxydation  de  la  prise  d'essai,  meme  en  faible  poids,  nous 
ajoutons  du  fer  de  fagon  a  ne  pas  abaisser  au-dessous  de  trois 
grammes  la  quantite  a  brialer. 

Dans  les  conditions  que  nous  venons  de  dire,  nous  n'avons  pas 
rencontr^  d'insucces. 

Nous  ajoutons  qu'au  cours  de  nos  experiences,  nous  n'avons 
admis  comme  satisfaisantes  que  les  combustions  laissant  dans  la 
capsule  un  r^sidu  parfaitement  fondu  et  oxyde.  La  faculte  d'exam- 
iner  le  residu  de  la  combustion  et  de  I'etudier  est  un  des  avantages 
de  notre  methode. 

2°. —  Pression  de  I'Oxygene 

La  charge  etant  preparee  dans  I'appareil,  on  admet  I'oxygene. 
On  commence  par  chasser  Fair  de  la  chambre  de  combustion;  on 
fixe  alors  le  manometre  et  on  laisse  monter  la  pression  jusqu'au 
point  voulu.  Les  robinets  etant  fermes,  on  s'assure  alors  de 
r^tancheit^  du  systeme,  au  besoin  en  le  plongeant  dans  I'eau. 
Enfin,  on  enflamme  electriquement  I'amorce  comme  cela  a  lieu 
pour  I'obus  calorim^trique.  La  combustion  ne  demande  que 
quelques  instants. 

Nous  avons  ete  conduits  a  6tablir  la  pression  convenant  a 
chaque  experience,  comme  il  suit: 

Aciers. — Pour  le  premier  gramme  a  brtiler,  3  atmospheres; 
pour  chacun  des  grammes  en  plus,  une  demi  atmosphere.  Ainsi, 
5  atmospheres  correspondrent  a  une  prise  d'essai  de  5  grammes. 

Ferro-alliages. —  Pour  le  premier  gramme,  5  atmospheres;  pour 
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chacun  des  grammes  en  plus  de  la  charge  metallique,  une  demi 
atmosphere.  Ainsi,  8  atmospheres  conviendront  pour  brijler  un 
melange  de  2  grammes  ferro-silicium  et  de  6  grammes  de  fer. 

L'oxyg^ne  du  commerce  est  le  plus  souvent  assez  pur.  Des 
trois  reservoirs  que  nous  avons  employes,  pour  nos  recherches, 
deux  ne  contenaient  pas  d' anhydride  carbonique  en  quant ite 
sensible,  le  dernier  en  retenait  une  proportion  correspondant  a 
0,1  mg.  en  carbone  par  atmosphere.     Nous  en  avons  tenu  compte. 

Nous  avons  aussi  opere  la  combustion  des  prises  d'essai  differ- 
entes  d'un  meme  echantillon,  sous  des  pressions  variees  et  trouve 
des  dosages  concordants.  Nous  concluons  que  I'emploi  de  I'oxy- 
gene  dans  les  conditions  ci-dessus,  ne  saurait  introduire  d'erreurs 
dans  nos  dosages.  D'autre  part,  la  pression  elevee  de  Toxygene 
assure  la  combustion  complete  du  carbone  a  I'etat  d'anhydride 
carbonique. 

3°. — Dosage  Volumetrique  du  Carbone 

Le  procede  que  nous  avons  adopte  consiste,  on  le  sait,  a  laver 
les  gaz  de  la  combustion  et  h,  absorber  I'anhydride  carbonique  dans 
une  solution  alcaline  titree,  de  volume  determine.  L'anhydride 
modifie  le  titre  de  la  solution;  la  mesure  de  cette  modification 
fixe  la  quantite  de  carbone  cherche. 

La  solution  alcaline  dont  le  titre  est  connu  est  titree  a  nouveau 
apres  le  lavage  des  gaz,  a  I'aide  d'une  solution  acide  fixee  par 
cette  condition  que  1  centimetre  cube,  par  exemple,  y  corresponde 
a  un  milligramme  de  carbone.  La  difference  des  deux  titrages 
donne  done  immediatement  le  carbone  de  la  prise  d'essai.  Nous 
avons  egalement  employe  des  solutions  cinq  fois  plus  etendues. 

Aussitdt  apres  I'inflammation,  I'instrument  est  mis  en  relation 
avec  les  flacons  laveurs.  Le  lavage  pent  etre  conduit  assez  rapide- 
ment.  Nous  donnons  cinq  quarts  d'heure  a  cette  operation, 
quand  I'appareil  a  ete  charge  a  5  atmospheres,  y  compris  une 
demi-heure  que  nous  avons  reconnue  utile  pour  balayer,  a  I'aide 
de  I'air  pur.  les  dernieres  traces  d'anhydride  carbonique.  La 
Vitesse  du  courant  gazeux  correspond  a  I'ecoulement  d'un  litre  en 
dix  minutes. 

II  importe  qu'aucun  element  etranger  ne  joigne  son  action  a 
celle    de    l'anhydride    carbonique.     Nous    avons    done    controle, 
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dans  les  gaz,  I'absence  de  composes  de  I'azote  pouvant  donner 
naissance  ^ventuellement  k  iin  peu  d'acide  azotique. 

Nous  remarquerons  aussi  que  les  acides  resultant  de  la  combus- 
tion vive  de  certains  alliages,  comme  I'acide  vanadique  et  I'acide 
molybdique,  restent,  apres  la  combustion,  soit  dans  la  capsule, 
soit  sur  les  parois  de  I'instrument,  condenses  a  I'etat  pulverulent. 
Le  courant  gazeux  ne  saurait  entrainer  aucune  trace  de  ces  acides. 

Nous  ajouterons  que  la  combustion  du  fil  de  fer  servant  d'amorce 
ne  saurait  apporter  une  surcharge  appreciable.  Cette  amorce  ne 
pese  ordinairement  que  quelques  centigrammes:  par  gramme,  elle 
ne  renferme  pas  plus  de  0,001  gr.  de  carbone. 

Nous  avons  ^tudie,  pour  absorber  I'anhydride  carbonique, 
I'emploi  de  I'eau  de  baryte  et  I'emploi  d'une  solution  de  sonde. 

A. — Emploi  de  I'eau  de  haryte  titree  par  I'acide  oxalique  avec  la 
phtaUine  du  phenol  comme  indicateur. 

C'est  la  formule  que  nous  avons  appliqu^e  a  la  determination 
des  diverses  teneurs  en  carbone  que  nous  avons  publiees,  au  mois 
de  Septembre  dernier. 

On  obtient  une  solution  de  baryte  de  concentration  suffisante 
en  ^tendant  un  volume  de  solution  saturee  avec  son  volume  d'eau 
distillee.  La  solution  d'acide  oxalique  correspondant  a  un  milli- 
gramme de  carbone  par  centimetre  cube,  contient  theoriquement 
par  litre  10,5  gr.  d'acide.  L'acide  du  commerce  n'est  pas  toujours 
rigoureusement  pur.  En  vue  de  recherches  precises,  il  convient 
done  de  comparer  I'acidite  d'une  solution  d'acide  sulfurique, 
titree  ponder alement,  Cette  comparaison  fixe  le  poids  exact 
d'acide  oxalique  a  dissoudre.  La  solution  dont  nous  avons  fait 
usage  contenait,  dans  ces  conditions,  10  gr.  6  par  litre. 

Pour  une  experience,  on  commence  par  fixer  le  titre  de  la  solu- 
tion de  baryte  employe.  On  repartit  ensuite  entre  les  barboteurs 
la  quantite  voulue  de  solution.  Si  Ton  emploie  60  centimetres 
cubes  par  exemple,  le  premier  barboteur  regoit  30  centimetres 
cubes,  le  second  20  centimetres  cubes  et  le  troisieme  10.  On 
complete  le  volume  des  barboteurs  avec  de  I'eau  distillee.  Enfin, 
le  lavage  des  gaz  etant  termini,  on  ver  se  le  contenu  des  barboteurs 
dans  une  fiole,  on  y  ajoute  I'eau  du  ringage  des  barboteurs  et  on 
procede  au  titrage. 
,    Les  liqueurs  sont  faciles  a  preparer.     L'emploi  de  la  baryte  met 
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sous  les  yeux  de  I'op^rateur  Tabsorptioii  de  I'anhydride  sous  forme 
de  carbonate  neutre  de  baryum.     Le  virage  est  tres  apparent. 

Le  mode  de  procede  que  nous  venons  d'exposer  doit  etre  critique. 

Nous  avons  v6rifi4  que  durant  I'operation  de  titrage,  la  carbona- 
tation  par  I'air  des  liquides  etait  tout  k  fait  n^gligeable,  dans  notre 
laboratoire. 

Nous  avons  constats  une  cause  d'erreur,  par  exc^s  plus  grave. 
Cette  cause  d'erreur,  suivant  nos  mesures,  peut  aj outer  k  la  teneur 
en  carbone  environ  3%  de  cette  teneur.  La  surcharge  est  peu 
importante  avec  des  aciers  a  faible  teneur  en  carbone  elle  ne  doit 
pas  6tre  negligee  avec  les  metaux  plus  carbon^s. 

Voici  en  quoi  consiste  cette  cause  d'erreur;  la  determination  du 
titre  en  presence  de  la  phtal^ine  du  phenol,  donne  lieu  k  un  virage 
net  et  d^finitif  quand  la  liqueur  est  limpide.  C'est  le  cas  oil  I'on 
se  trouve  quand  on  fixe  le  titre  initial  de  la  solution.  Mais,  quand 
la  liqueur  titr^e  contient  en  suspension  du  carbonate  de  baryum, 
pr^cipite,  c'est  le  cas  a  la  fin  de  I'operation,  les  choses  se  passent 
autrement.  On  observe  gen^ralement,  quelque  temps  apr^s  le 
virage  presume  definitif,  la  reapparition  de  la  couleur  ros^e.  II 
faut  alors  ajouter  une  goutte  d'acide.  Souvent,  bientot,  nouvelle 
apparition  de  la  couleur  rosee  demandant  encore  une  goutte  d'acide 
et  le  phenomene  peut  se  prolonger  assez  longtemps,  mettant  en 
evidence  que  le  tirage  n'etait  pas  definitif  et  qu'il  restait  encore  des 
traces  d'alcali  a  saturer.  Cela  provient  de  ce  qu'un  peu  de  baryte, 
adherant  au  carbonate,  se  remet  peu  a  peu  en  dissolution. 

On  peut,  par  ailleurs,  obtenir  un  virage  definitif,  tout  de  suite. 
II  suffit  de  porter  a  I'ebuUition  la  liqueur  k  titrer,  de  la  refroidir 
pour  eviter  la  formation  d'oxalate  acide  de  baryum  et  de  proceder 
au  titrage  dans  la  liqueur  froide. 

Dans  ces  conditions,  les  chiffres  obtenus  sont  exacts.  Nous 
avons  compare  quelques  unes  des  teneurs  determinees,  comme  il 
vient  d'etre  dit,  aux  resultats  obtenus  k  I'aide  du  titrage  a  la  sonde 
decrit  plus  loin. 

C'est  ainsi  que  nous  avons  trouve  avec  I'eau  de  baryte,  pour 
un  acier  silicieux  d'Imphy,  0,483  pour  100  de  carbone. 

La  charge  de  la  capsule  avait  compris  3  grammes  d' acier,  6 
grammes  d'oxyde  de  plomb  et  1  gramme  de  fer  metallique  inter- 
pose entre  I'acier  et  I'amorce  en  fil  de  fer. 
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Titre  de  50  c/mc  de  liqueur  initiale  en  milligrammes  de 

carbone 41,70 

litre  de  la  liqueur  apr^s  absorption 26,50 

Difference 15,20 

k  d^duire  le  carbone  de  19  de  fer  metallique 0,7 

Teneur  en  carbone  de  3  grammes  d'acier 14,50 

Carbone  de  I'acier  p.  100 0,483 

Pour  un  essai,  la  capsule  avait  regu  1  gramme  du  meme 
acier,  3  grammes  d'oxyde  de  plomb  sans  addition  de  fer 
metallique,  le  tirage,  a  I'aide  d'une  solution  de  soude  a 
donne  p.  100 , 0,485 

La  concordance  ne  laisse  rien  k  d^sirer. 

B. — Emploi  d'une  solution  de  soude  titree  par  Vacide  sulfurique 
avec  la  phtaleine  du  phenol  comme  indicateur. 

Le  chauffage  a  r^bullition  et  le  refroidissement  de  la  liqueur  de 
baryte  avant  le  dosage  final,  augmentent  la  duree  de  Fop^ration. 
Si  le  precipite  forme  est  abondant,  il  reste  fortement  attache  aux 
parois  de  la  fiole  d'absorption  et  echappe  ainsi  en  grande  partie  a 
r  6puisement  par  Taction  de  la  chaleur.  L'emploi  d'une  solution 
de  soude  ^vite  ces  inconvenients  et  permet  d'arriver  a  des  resultats 
tres  precis.  Nous  avons  fait  usage  de  cette  derniere  formule  pour 
I'etude  d'un  grand  nombre  d'echantillons,  notanunent  des  ferro- 
alliages. 

La  concentration  du  liquide  absorbant  est  dans  certaines  limites 
arbitraire,  puisqu'elle  depend  du  degr^  d'approximation  que  Ton 
veut  obtenir.     De  meme,  pour  la  solution  acide. 

La  solution  alcaline  dont  nous  faisons  usage  contient  4  grammes 
de  soude  par  litre.  La  solution  sulfurique  contient  4  gr.  083  d'acide, 
mesuree  ponderalement  avec  les  precautions  habituelles  et  corres- 
pondant  k  1  milligramme  de  carbone  par  centimetre  cube.  Ces 
solutions  ne  different  pas  de  celles  indiquees  par  M.  de  Nolly, 
en  vue  de  I'application  de  son  proc^de. 

La  conduite  d'une  experience  avec  la  solution  de  soude  est  ce 
que  nous  avons  dit  k  propos  de  la  solution  de  baryte. 

La  quantite  de  liqueur  absorbante  k  employer,  suivant  la  teneur 
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pr^sum^e  en  carbone  a  doser,  ressort  des  reactions  mises  en  oeuvre, 
d'abord  pour  I'absorption  de  I'anhydride  carbonique,  ensuite 
pendant  le  titrage  a  I'acide  sulfurique. 

4  (NaOH)+2C02  =  2  (NajCOs)  =  2H2O 

2  (Na2C03)+S04H2  =  2  (NaHC03)+Na2S04 

Un  assez  grand  exces  de  liqueur  alcaline  est  indispensable.  Le 
virage  est  plus  d^licat  a  saisir  que  dans  le  cas  de  I'eau  de  baryte, 
et  il  est  bon  de  revenir  en  arriere,  avec  un  peu  de  solution  de  sonde, 
jusqu'^  r^apparition  de  la  couleur  rosee. 

Le  lavage  des  tubes  absorbeurs,  avant  le  titrage  se  fait  bien 
plus  facilement  dans  le  cas  de  la  liqueur  sodique  que  dans  le  cas 
de  la  liqueur  de  baryte  plus  ou  moins  chargee  de  carbonate  pre- 
cipit^.  Mais  il  faut  se  m^fier  de  I'eau  distillee,  employee  pour  le 
lavage.  Cette  eau  distillee  pent  retenir  une  petite  quantity  d'an- 
hydride  carbonique  en  dissolution  et  introduire  une  surcharge 
appreciable,  si  le  volume  d'eau  de  lavage  employee  est  un  peu 
considerable. 

On  annule  ais^ment  cette  cause  d'erreur  assez  faible,  en  pro- 
c6dant  comme  nous  I'avons  fait  dans  Fetude  des  ferro-alliages. 

On  fixait  le  carbone  total  d'une  charge  composee  de  la  prise 
d'essai,  d'un  certain  poids  de  fer  et  d'un  peu  d'oxyde  de  plomb. 
En  operant  identiquement  dans  les  memes  conditions  (meme  vol- 
ume d'eau  de  lavage,  meme  volume  de  solution  alcaline  etc.),  on 
determinait  ensuite  le  carbone  d'une  charge  composee  seulement 
du  meme  poids  de  fer  et  de  I'oxyde  de  plomb.  II  est  clair  que  la 
difference  des  chiffres  fournis  par  les  deux  experiences,  correspon- 
dait  au  carbone  de  la  prise  d'essai  du  ferro-alliage,  abstraction 
faite  des  incertitudes  connues  ou  inconnues. 

Enfin,  nous  avons  tout  r^cemment  ameliore  notre  appareil. 
Aux  deux  ou  trois  tubes  absorbeurs,  nous  avons  substitue  un  tube 
absorbeur  unique.  Le  tube  est  assez  grand  pour  servir  non  seule- 
ment a  I'absorption  de  I'anhydride  carbonique,  mais  aussi  au 
titrage.  II  pent  recevoir  100  centimetres  cubes  de  solution  alcaline 
correspondant  a  0,2  mg.  de  carbone  par  C3.  Pendant  le  titrage, 
effectue  avec  une  solution  acide  equivalente,  la  liqueur  est  agitee 
avec  le  courant  d'air  decarbonate.  L'emploi  de  ce  tube  dont 
nous  donnons  un  dessin,  evite  tout  lavage  et  tout  transvasement. 
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au  benefice  de  la  precision  de  la  m^thode.  line  burette  dont  le 
robinet  est  ^galement  represents  sert  a  I'introduction  de  I'acide; 
elle  porte  a  sa  parti  e  superieure  un  renflement  de  50  C3  reprSsentant 
la  quantite  de  liqueur  acide  devant  saturer  I'exces  de  soude  employ^ 
pour  I'absorption. 

IV. — Resultats  d' Experiences 

Nous  avons  applique  la  combustion  sous  pression  au  dosage  du 
carbone  d'un  nombre  important  d'echantillons  dej^  analyses  dans 
des  laboratoires  d'usines.  La  complaisance  des  Etablissements 
MStallurgiques  nous  avait  fourni  ime  collection  si  etendue  et  si 
variee  d'acie/  et  de  ferro-alliages  qu'il  n'est  pas  possible  de  douter 
de  la  generalite  de  notre  methode. 

Les  chiffres  que  nous  publions  ci-apres,  sont  les  resultats  de 
plus  de  deux  cents  combustions. 

En  plus  de  ces  experiences,  nous  avons  determine  le  carbone  de 
quelques  uns  de  nos  echantillons  d'aciers,  en  attaquant  des  prises 
d'essai  de  10  grammes  par  le  chlorure  de  cuivre  et  de  potassium 
en  dosant  le  carbone  du  gaz  mis  en  liberte  pendant  I'attaque  et 
en  brulant  sur  la  grille  a  analyse  elemental  re  le  residu  carbone. 
Nous  avons  fait  usage  du  chlorure  de  cuivre  dans  les  conditions 
que  I'un  de  nous  a  precisees  au  cours  d'un  travail  recent.^  Ce 
procede  est  ainsi  a  I'abri  de  toute  critique,  et  les  chiffres  qu'il  nous 
a  donnes  peuvent  etre  regardes,  pour  les  metaux  attaquables  dans 
ces  conditions  comme  un  controle  des  teneurs  obtenues  suivant  la 
nouvelle  methode. 

Nous  avons  aussi  recherche  le  carbone  de  quelques  ferro-alliages 
par  combustion  directe,  dans  un  courant  d'oxygene,  en  nous  ser- 
vant de  deux  fours  electriques,  I'un  pour  brtiler  le  metal,  I'autre 
pour  oxyder,  par  I'oxyde  de  cuivre,  I'oxyde  de  carbone  resultant 
de  la  combustion  incomplete.  Nous  considerons  ce  procSd6 
comme  moins  certain  que  le  notre  car  il  ne  donne  souvent  qu'une 
oxydation  incomplete  et  nous  n'en  avons  retenu  les  indications 
qu'a  titre  de  comparaison. 

Deux  tableaux  reunissent  les  resultats  de  notre  travail. 

«Emploi  des  sels  cuivriques  pour  1' analyse  des  fontes  et  des  aciers  par  A 
Carnot  et  E.  Goutal  (Annales  des  Mines  1898). 

E.  Goutal  compte-rendus  13  Avril  1909  et  Etude  des  Gaz  d^gag^s  par 
Taction  des  sels  cuivriques  sur  les  aciers.     (Revue  de  MetaUurgie  1910,  page  6.) 
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Le  premier  tableau  indique  I'analyse  des  divers  ^chantillons 
etudi^s,  telle  qu'elle  nous  a  ^te  communiquee  par  les  usines ;  le  deux- 
ieme  tableau  compare  les  teneurs  en  carbone  d^termin^es  a  I'aide 
de  la  nouvelle  m^thode  (eolonne  A)  soit  k  I'aide  du  chlorure  de 
cuivre  (eolonne  D)  ou  du  four  ^lectrique  (eolonne  E)  aux  teneurs 
obtenues  dans  les  laboratoires  des  usines  (eolonne  B) . 

Notons  que  pour  I'analyse  des  aciers  les  laboratoires  industriels 
se  servent  en  g^n^ral  de  I'appareil  Wiborgh  et  que  pour  I'analyse 
des  ferro-alliages  ils  n'ont,  jusqu'en  ces  derniers  temps,  eu  a 
leur  disposition  que  la  combustion  dans  un  courant  d'oxygene. 
Les  chiffres  ainsi  fix^s  figurent  dans  notre  tableau. 

A  ces  m^thodes,  il  faut  aj outer  celle  deM.de  Nolly. 

M.  de  Nolly,  chef  du  service  chimique  de  la  Soci^te  des  Forges 
et  Aci^ries  de  la  Marine,  nous  a  confie  tres  obligeamment  un 
assortment  complet  de  ferro-alliages  deja  analyses  suivant  son 
proc^de.  II  a  bien  voulu  aussi  rechercher,  avec  son  appareil  le 
carbone  de  plusieurs  ^chantillons  que  nous  poss^dions  deja.  Une 
eolonne  du  deuxieme  tableau  (eolonne  C)  r^unit  les  teneurs 
ainsi  observ^es,  completant  les  Elements  de  comparaison  que  nous 
mettons  sous  les  yeux  du  lecteur. 


1      TABLEAU 

C 

Si 

S 

Ph 

Mn 

Elem.  spec. 

Acier  extra-doux 

(Imphy) 

0,060 

0,350 

0,022 

0,025 

0.19 

Acier  extra-doux 

(Trignac) 

0,070 

Traces 

0,053 

0,008 

0,23 

Acier  extra-doux 

(Creusot) 

0,110 

0,012 

0.018 

0,016 

0.40 

Acier  demoulage 

(Imphy) 

0,190 

0,310 

0.033 

0,024 

0,30 

Acier  demi-dur 

(Creusot) 

0,290 

0,340 

0,030 

0,060 

0,75 

Cr  1,03 

Acier  Nickel-Chrome 

(Imphy) 
(Imphy) 

0,290 

0,380 

0,043 

0,046 

0.80 

Ni  31,36 

Acier  Silicieux  special 

0,410 

1,280 

0,041 

0,062 

0,54 

Acier  Silicieux  special 

(Imphy) 

0.420 

1,970 

0.044 

0.078 

0,57 

Cr  2,00 
Ni  31,90 

Acier  Nickel-Chrome 

(Creusot) 

0,350 

0,093 

0,040 

0.008 

0,22 

Acier  Dur 

(St.  Chamond) 

0.950 

0,260 

0,014 

0.073 

0,60 

Cr2,05 

Acier  Nickel-Chrome 

(Imphy) 

0.420 

0,260 

0,034 

0,041 

00,64 

Ni  21,60 

Acier  Mangano-silicieux 

(St.  Chamond) 

0,590 

1.650 

0,034 

0.041 

0,47 

Acier  Chrome 

(Creusot) 

0,365 

0,175 

0,014 

0,031 

Trac. 

Cr5,10 

Acier  Tungattoe 

(Creusot) 

0,510 

0,116 

0,030 

0,013 

0,12 

Tu9,99 

Acier  Trempant 

(Imphy) 

0.690 

0,220 

0,016 

0,011 

0,43 

Cr5,07 

Acier  rapide 

(Imphy) 

0,630 

0,260 

0,006 

0,011 

0,04 

Tu  19,65 

Acier  sufedois 

(Imphy) 

0,960 

0,020 

0,022 

0,034 

0,14 

Acier  extra-dur 

(Creusot) 

1,360 

0,175 

0,040 

0,018 

0,15 

Fonte  Thomaa 

(Creusot) 

2,746 

0,280 

0,082 

1,870 

2,12 

Fonte  Martin  acide 

(Creusot) 

3,650 

2,074 

0,043 

0,068 

3,50 

Fonte  Martin  basique 

(Creusot) 

3,550 

1,280 

0,056 

0,068 

1,46 

Silico-spiegel 

(Creusot) 

2,420 

8,710 

0,023 

0,110 

17,98 

Ferro-manganfese 

(Creusot) 

5,830 

0,930 

0,027 

0,270 

81,94 

Ferro-silicium 

(St.  Chamond) 

0,120 

74,80 

! 

Ferro-silicium 

(Creusot) 

0,140 

26,200 

0,018 

0,130 

0,25 

Chrome  aluminothermique 

(St.  Cham'd.) 

0,180 

Cr  96,75 

Ferro-Chrome 

(Giffre) 

0.750 

Cr  67,00 

Ferro-Chrome 

(Giffre) 

1,440 

Cr70,19 
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TABLEAU 

— Continue. 

C 

Si 

S           Ph       Mn 

Elem 

spec. 

Ferro-Chrome 

(Giffre) 

3,400 

Cr  73,30 

Ferro-Chrome 

(Giffre) 

5,800 

Ci 

73,37 

Ferro-Chrome 

(Creusot) 

6,530 

0,600   0,021    0,036   Trac 

Ci 

67,10 

Ferro-Chrome 

(St.  Chamond)  10,640 

Ci 

68,80 

Ferro-Tungstene 

(Creusot) 

0.870 

0,093   0,015   0,003     0,12 

Tu  85,28 

Ferro-Vanadium 

(St.  Chamond) 

0,320 

Va  41,00 

Ferro-Vanadium 

(St.  Chamnod) 

3,810 

Va 

43,80 

Ferro-Molybdfene 

(St.  Chamond) 

4,090 

Mc 

)  74,22 

Ferro-Titane 

(St.  Chamond) 

0,100 

Ti  20,40 

Ferro- Aluminium 

(St.  Chamond) 

0,180 

AI  16,75 

2e-  TABLEAU 

A 

B 

C 

D 

E 

Acier  extra-doux 

(St.  Chamond) 

0,044 

0,045 

0,044 

Acier  extra-doux 

(Trignao) 

0,060 

0,070 

0,060 

Acier  extra-doux 

(Imphy) 

0,070 

0,060 

Acier  extra-doux 

(Creusot) 

0,115 

0,110 

Acier  de  moulage 

(Imphy) 

0,194 

0,190 

Acier  demi-dur 

(Creusot) 

0,303 

0,290 

0,303 

Acier  Nickel-Chrome 

(Imphy) 

0,336 

0,290 

Acier  Nickel-Chrome 

(Creusot) 

0,370 

0,350 

Acier  silicieux-spdcial 

(Imphy) 

0,485 

0,410 

0,475 

Acier  silicieux-sp6oial 

(Imphy) 

0,492 

0,420 

0,530 

Acier  Nickel-Chrome 

(Imphy) 
(Creusot) 

0,510 

0,420 

0,500 

Acier  Tungstftne 

0,521 

0,510 

Acier  Chrome 

(Creusot) 

0,570 

0,365 

0,570 

Acier  mangano-silicieux 

(St.  Chamond) 

0,600 

0,590 

Acier  rapide 

(Imphy) 

0,680 

0,630 

0,700 

Acier  trempant 

(Imphy) 

0,714 

0,690 

Acier  dur 

(St.  Chamond) 

0,990 

0,950 

0,980 

Acier  su6doia 

llmphy) 
(Creusot) 

1,010 

0,960 

Acier  extra-dur 

1,365 

1,360 

1,377 

Fonte  Thomas 

(Creusot) 

2,950 

2,746 

Fonte  Martin  basique 

(Creusot) 

3,910 

3,550 

3,990 

3,918 

Fonte  Martin  acide 

(Creusot) 

3,930 

3,650 

3,900 

Silico  Spiegel 

(Creusot) 

2,580 

2,420 

2,575 

Ferro-M  anganfese 

(Creusot) 

5,810 

5,830 

Ferro-silicium 

(St.  Chamond) 

0,198 

0,120 

0,11 

Ferro-silicium 

(Creusot) 

0,183 

0,140 

0,130 

0,13 

Chrome  aluminothermique          (St.  Chamond) 

0,180 

0,180 

Ferro-Chrome 

(Giffre) 

0,810 

0,750 

0,745 

Ferro-Chrome 

(Giffre) 
(Giffre) 

1,5.30 

1,440 

Ferro-Chrome 

3,530 

3,400 

Ferro-Chrome 

(Giffre) 

6,200 

5,800 

Ferro-Chrome 

(Creusot) 

6,700 

6,530 

6,665 

Ferro-Chrome 

(St.  Chamond) 

10,560 

10,640 

9,73 

Ferro-Tungstfene 

(Creusot) 

0,890 

0,870 

0,890 

Ferro-Vanadium 

(St.  Chamond) 

0,317 

0,320 

Ferro-Vanadium 

(St.  Chamond) 

3,650 

3,810 

3,650 

Ferro-Molybdfene 

(St.  Chamond) 

3,670 

4,090 

3,700 

Ferro-Titane 

(St.  Chamond) 
(St.  Chamond) 

0,060 

0,100 

Ferro- Aluminium 

0,785 

0,950 

Les  teneurs  en  carbone  que  nous  avons  trouv^es  sont  voisines 
de  celles  des  usines,  dans  les  aciers  ordinaires.  Mais,  elles  sont 
souvent  plus  elevees  que  celles-ci,  dans  les  aciers  sp^ciaux  et  partic- 
ulierement  dans  les  aciers  silicieux.  D'autre  part,  la  nouvelle 
methode  a  donne  des  chiffres  coincident,  autant  que  Ton  pouvait 
le  souhaiter,  avec  ceux  des  experiences  de  controle  (emploi  de 
chlorure  de  cuivre).  II  resulte  de  1^  que  Ton  doit  tenir  pour  sus- 
pect le  procede  de  Wiborgh,  en  usage  dans  les  usines,  puisque  ce 
precede  ne  fournit  pas  dans  tous  les  cas  des  chiffres  exacts.     II 
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r^sulte,  aussi,  de  notre  travail  que  la  combustion  sous  pression 
apporte  dans  la  comparaison  des  teneurs  en  carbone  des  aciers, 
depuis  les  moins  carbon6s  jusqu'aux  aciers  les  plus  durs,  une 
precision  incontestable.  Nous  avons  constats  que  Ton  pent, 
sans  difl&culte,  obtenir  des  chiffres  ne  s'ecartant  pas  I'un  de  I'autre 
de  plus  de  0,01  pour  cent,  pour  le  meme  acier  essay^  dans  des 
conditions  differentes. 

Pour  les  ferro-alliages,  nos  chiffres  different  souvent  et  sensible- 
ment  des  chiffres  indiques  par  les  usines,  tantot  par  defaut,  tantot 
par  exces.     Le  resultat  etait,  en  quelque  sorte,  prevu. 

Nous  croyons  que  I'emploi  de  la  combustion  sous  pression  aura 
pour  effet  de  substituer,  dans  la  determination  du  carbone  des 
ferro-alliages,  beaucoup  de  rigueur  et  de  simplicite  a  Tincertitude  et 
a  la  complication  des  autres  methodes. 


THE    ACTION    OF    BOILING    SULPHURIC    ACID 
ON    PLATINUM 

By  Le  Roy  W.  McCay 

Princeton,  New  Jersey 

In  the  course  of  my  work  on  the  analysis  of  tin-antimony  alloys, 
which  involves  the  use  of  hydrofluoric  as  well  as  nitro-hydrofluoric 
acid,  I  find  it  necessary  to  heat  concentrated  sulphuric  acid  in  a 
platinum  dish  not  only  to  moderate  fuming,  but  even  to  boihng. 
The  sulphuric  acid  is  heated  to  moderate  fuming  to  expel  the 
hydrofluoric  and  nitric  acids,  and  the  acid  is  boiled  in  the  presence 
of  a  piece  of  sulphur  to  reduce  any  antimonic  oxide  which  may  be 
in  the  solution  to  antimonious  oxide. 

Now  although  I  have  never  found  that  the  precipitates  of  anti- 
monious and  stannic  sulphides  contain  platinum,  it  seemed  ad- 
visable to  make  a  careful  study  of  the  action  of  boiling  sulphuric 
acid  on  the  platinum  dish  used,  particularly  since  I  have  been 
unable  to  find  anything  concerning  the  matter  in  the  standard 
works  on  analytical  chemistry^.  As  a  matter  of  fact,  boiling  con- 
centrated sulphuric  acid  does  dissolve  platinum''.  This  was 
first  shown  by  Scheurer-Kestner  and  Hasen clever,  who  have  made 
valuable  observations  on  the  rate  at  which  the  stills  are  attacked 
by  the  sulphuric  acid,  in  the  preparation  of  the  ordinary  oil  of 
vitriol  containing  from  92-94  per  cent  H2SO4,  as  well  as  in  the 
preparation  of  high  grade  acids  containing  from  97-98  per  cent 
H2SO4.  The  loss  in  platinum  suffered  by  the  stills  is  from  eight 
to  ten  times  greater  in  the  latter  than  in  the  former  case.  According 
to  Scheurer-Kestner  boiling  concentrated  sulphuric  acid  free  from 
nitrous  acid  has  no  action  on  platinum.  For  the  figiu-es  given  I 
must  refer  the  reader  to  the  original  articles^. 

^Such  as  those  of  Rose,  Fresenius,  Classen  and  Treadwell. 

^Conroy,  J.  Soc.  Chem.  Ind.  1903,  V.  22,  465.  Delephine,  Compt.  Rend. 
1905,  T.  141,  p.  886  and  1013.  Quennessen,  Compt.  Rend.  1906,  T.  142,  p. 
1341.    Delephine,  Compt.  Rend.  1910,  T.  150,  p.  104. 

^Scheurer-Kestner,  Hofmann's  Report  to  the  Juries,  1862,  p.  16.  Compt. 
Rend.  T.  81,  p.  892;  T.  86,  p.  1082;  T.  91,  p.  59.  Hasenclever,  Hofmann's 
Bericht  Fiir  1875,  B.  I.  p.  188.  See  also  G.  Lunge,  Sulphuric  Acid  and  Alkali, 
Vol.  I,  pt.  2,  875-876. 
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The  dish  used  by  me  holds  comfortably  200  cc.  It  has  been  in 
use  off  and  on  for  some  twenty  years,  is  of  the  best  material  and 
excellent  workmanship.  Before  each  experiment  it  was  thoroughly 
cleaned  and  glowed.  The  sulphuric  acid  contained  no  nitrous  acid, 
and  was  from  95-96  per  cent  pure.  Heated  to  moderate  fuming 
for  from  ten  to  fifteen  minutes,  it  had  no  perceptible  action  on 
the  platinum.  When,  however,  the  acid  was  heated  to  strong 
fuming,  but  not  to  boihng,  for  the  same  length  of  time,  an  appreci- 
able amount  of  the  metal  dissolved. 

10  cc.  Cone.  H2SO4  were  heated  in  the  uncovered  dish  to  mod- 
erate fuming  for  ten  minutes,  the  acid  remaining  was  diluted 
to  300  cc,  the  solution  heated  to  boiling  and  saturated  with  hydro- 
gen sulphide.  The  flask  containing  the  solution  was  then  corked 
and  allowed  to  stand  for  several  days.  Nothing  separated  out, 
barring  a  little  white  sulphur. 

The  experiment  was  repeated  with  25  cc.  acid.  Here  the  dish 
was  covered  with  a  clock  glass,  and  the  acid  heated  to  a  point  just 
below  boiling  for  fifteen  minutes.  Since  the  precipitate  obtained 
with  hydrogen  sulphide  was  dark  in  color,  I  filtered  it  off  and  ig- 
nited it  strongly.  There  remained  0.0003  g.  which  on  further 
examination  proved  to  be  platinum. 

Since  in  my  work  on  the  tin-antimony  alloys  I  never  use  more 
than  10  cc,  of  the  concentrated  acid,  and  since  heating  to  moderate 
fuming  for  fifteen  minutes  is  sufficient  to  expel  the  nitro-hydro- 
fluoric  acid,  no  further  study  of  this  phase  of  the  matter  appeared 
necessary. 

When  the  acid  was  heated  to  boiling  and  kept  boiling  for  some 
time  it  became  yellow^  Two  experiments  were  made  to  determine 
the  exact  amount  of  platinum  dissolved  in  one  hour.  In  each 
case  the  dish  was  covered  with  a  clock  glass,  the  acid  heated  to 
gentle  ebullition  over  a  free  flame,  and  the  boiling  continued  for 

>Fischer  rectified  some!  oil  of  vitriol  by  distilling  it  from  a  glass  retort 
containing  little  pieces  of  platinum.  The  metal  became  crystalline  in  ap- 
pearance, and  the  residue  was  brownish  yellow  from  the  formation  of  plati- 
nic  sulphate.    Kastner's  Archive  B.  14,  p.  149. 

According  to  Del(^phine  there  are  two  sesquioxyplatinic  sulphuric  acids 
formed  when  boiling  concentrated  sulphuric  acid  acts  on  platinum — (l)Pt 
(0H)2  (SOH.)+Aq.  (Acid  of  Blondel)  which  is  yellow,  and  (2)  Pt  (OH)  SO.H, 
+Aq.  which  is  reddish  brown.  Both  are  derivatives  of  trivalent  platinum. 
Compt.  Rend.  T.  150,  p.  104-106. 
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he  time  specified.  What  remained  was  strongly  diluted  with 
vater,  the  solution  heated  to  boiling  and  saturated  with  hydrogen 
ulphide.  The  platinic  sulphide  was  allowed  to  settle  completely 
)efore  it  was  filtered  off. 

(1)  10  cc.  cone.  H2SO4  dissolved  0.0038  g  Pt. 

(2)  20  cc.  cone.  H2SO4  dissolved  0.0077  g  Pt. 

Practically,  then,  twice  as  much  platinum  was  dissolved  in  the 
econd  as  in  the  first  case.  The  inner  surface  of  the  dish  just 
ibove  the  tip  of  the  flame  was  spotted  in  both  cases,  the  spots 
)eing  dull  in  appearance  and  about  the  size  of  pin  heads.    Indeed, 

noticed  that  these  spots  always  appeared,  it  mattered  not  what 
he  conditions  were  under  which  the  acid  was  boiled. 

Tin-antimony  alloys  rich  in  lead  —  containing  60  per  cent  lead 
.nd  upwards — are  not  completely  decomposed  by  boiling  con- 
entrated  sulphuric  acid.  The  lead  sulphate  remaining  is  always 
;ray,  and  contains  several  milligrams  of  antimony.  An  excellent 
olvent  for  such  alloys  is  warm  dilute  nitric  acid  (1:4)  to  which 
en  to  fifteen  drops  of  48  per  cent  hydrofluoric  acid  have  been 
dded  (platinum  dish).  The  nitric  acid,  however,  converts  some 
f  the  antimony  from  the  lower  to  the  higher  stage  of  oxidation, 
i^hich  must  be  reduced  to  the  former  condition  before  the  separa- 
ion  of  the  antimony  from  the  tin  in  hydrofluoric  acid  solution 
idth  hydrogen  sulphide  can  be  effected.  After  adding  concentrated 
ulphuric  acid  to  the  solution,  evaporating  on  the  water  bath  and 
^eating  to  moderate  fuming  on  the  sand  bath  for  fifteen  minutes, 

0  expel  all  nitro-hydrofluoric  acid,  the  cover  of  the  dish  is  removed, 
piece  of  purest  sulphur  weighing  about  a  gram  is  dropped  in, 

he  cover  replaced,  the  acid  heated  to  gentle  ebullition,  and  kept 

1  this  state  for  half  an  hour.  The  reduction  to  the  "-ous"  con- 
ition  is  complete: 

(a)  2H2S04+S  =  3S02+2H20 

(b)  Sb205+2S02  =  Sb203+2S03 

'he  lead  sulphate  is  then  removed,  and  the  antimony  separated 
rom  the  tin  according  to  the  direction  given  in  my  paper  on  the 
nalysis  of  tin-antimony  alloy s^ 
'Jour.  Amer.  Chem.  Soc.  V.  32,  p.  1241,  1910. 
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When,  now,  we  consider  the  fact  that  boiling  concentrated  sul- 
phuric acid  has  such  a  marked  solvent  action  on  platinum,  the 
question  arises,  why  is  it  that  the  antimonious  sulphide  or,  at  all 
events,  the  stannic  sulphide,  contains  no  platinum?  I  have  ex- 
perimented largely  in  regard  to  this  matter,  and  have  convinced 
myself  that  it  is  the  reducing  action  of  the  sulphur  dioxide  which 
counteracts  the  tendency  on  the  part  of  the  hot  sulphuric  acid 
to  oxidize  the  platinum.  Conroy^  noticed  this  inhibitive  action 
of  sulphur  dioxide,  and  he  also  attributes  it  to  the  reducing  power 
of  the  gas.  Concentrated  sulphuric  acid  in  the  presence  of  excess 
of  sulphur  can  be  boiled  for  hours  in  a  platinum  dish,  and  yet  no 
metal  will  be  detected  in  the  acid  which  remains.  After  two  hours 
of  boiling  the  sulphur  globules  contain  platinum,  but  the  quantity 
is  exceedingly  small.  Since  on  cooling  to  room  temperature  they 
stick  very  fast  to  the  dish,  and  a  number  of  sharp  blows  are  neces- 
sary to  dislodge  them,  it  occurred  to  me  at  first  that  the  platinum 
they  contain  might  be  a  tiny  bit  torn  oif  mechanically  from  the 
dish.  For  reasons  given  below,  however,  it  is  certain  that  platinum 
is  dissolved  by  the  hot  acid,  but  reduced  later  at  the  surfaces  of 
the  globules,  where  the  concentration  of  the  sulphur  dioxide  is 
a  maximum.  The  reduced  metal  is  then  absorbed  by  the  sulphur. 
The  surfaces  of  the  globules,  even  after  long  standing,  are  dark 
brown,  but  the  dark  coating  is  extremely  thin,  for  a  gentle  scratch 
is  sufficient  to  disclose  the  pure  yellow  color  of  the  underlying 
sulphur.  When  a  globule  is  heated  in  a  porcelain  crucible  until 
all  the  sulphur  has  been  expelled,  the  metal  which  remains  is  not 
in  the  form  of  little  black  particles,  but  in  the  form  of  either  an 
exceedingly  thin  film  or  a  spongy  mass.  The  residues  are  insoluble 
in  concentrated  hydrochloric  acid,  but  slowly  and  completely 
soluble  in  a  little  warm  aqua  regia.  When  the  latter  has  been 
removed  by  evaporation  on  the  water  bath,  and  the  yellow  residue 
dissolved  in  the  smallest  possible  amount  of  water,  the  addition 
of  ammonium  chloride  and  a  few  drops  of  alcohol  to  the  solution 
occasion  in  time  a  very  small  but  distinct  precipitate  of  ammonium 
chlorplatinate.    The  platinum  in  these  solutions,  even  when  they 

il.  c.  The  inhibitive  action  of  sulphur  dioxide  had  been  observed  by  me 
several  months  before  I  read  Mr.  Conroy's  paper.  Scheurer-Kestner  had 
already  observed  that  acid  containing  sulphur  dioxide  has  less  solvent  action 
on  the  stills  than  acid  free  from  this  compound.    Compt.  Rend.  T.  81,  p.  892. 
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have  been  strongly  diluted,  can  be  more  readily  detected  by  adding 
some  stannous  chloride  solution.  The  yellow  or  reddish  yellow 
color  produced  is  very  characteristic^  In  carrying  out  the  experi- 
ments care  was  taken  to  have  a  considerable  excess  of  sulphur 
always  present,  and  if,  on  long  boiling,  the  globule  appeared  to 
be  markedly  reduced  in  size,  the  cover  of  the  dish  was  shoved 
to  one  side  and  another  piece  of  sulphur  dropped  in.  In  the  first 
two  experiments  I  used  1  gram  and  in  the  last  four  2  grams  sulphur. 
The  acid  was  boiled  as  gently  as  possible. 


H2SO4 

Boiled 

Pt  in  Globules 

Pt  in  Acid 

1 

10  cc. 

1  hour 

unweighable 

0 

2 

20  cc. 

1  hour 

unweighable 

0 

3 

30  cc. 

2  hours 

0.0002  g. 

0 

4 

50  cc. 

2  hours 

0.0002  g. 

0 

5 

50  cc. 

6  hours 

0.0002  g. 

0 

6 

50  cc. 

6  hours 

0.0002  g. 

0 

I  repeated  experiment  4,  using  about  1^  grams  of  sulphur  and 
heating  the  acid  to  very  brisk  boiling.  At  the  end  of  the  two  hours 
the  globule  was  reduced  to  the  size  of  a  small  pea.  It  contained 
only  0.0002  g.  of  platinum,  but  there  was  a  dark  deposit  in  the  dish, 
which  proved  to  be  the  metal  and  which  weighed  0.0006  g.  The 
spots  on  the  bottom  of  the  dish  were  larger  and  darker  than  those 
noticed  in  the  other  experiments.  Some  of  them  were  perfectly 
black.  They  were  composed  of  finely  divided  platinum  which  I 
found  could  be  removed  by  rubbing  the  bottom  of  the  dish  with 
a  small  piece  of  damp  filter  paper.  The  residue  left  on  burning 
the  paper  was  dissolved  and  the  solution  tested  for  platinum  with 
stannous  chloride.  I  was  also  able  to  detect  traces  of  platinum 
in  the  filtrate  from  this  deposit.  Under  these  circumstances,  then, 
practically  a  milligram  of  platinum  was  dissolved  by  the  acid, 
only  part  of  which  was  absorbed  by  the  sulphur.  This  experiment 
proves  that,  to  protect  the  platinum,  a  high  concentration  of 
sulphur  dioxide  is  necessary,  a  condition  which  can  only  be  ful- 
filled by  having  plenty  of  sulphur  present  from  the  beginning. 

I  have  found  that  results  almost  identical  with  those  given  in 
the  above  table  are  obtained  when  a  current  of  sulphur  dioxide 

'Woehler.  Zeit.  Chena.  Ind.  KoU.  1910,  B.  7,  243-249. 
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gas  is  kept  bubbling  rapidly  through  the  boiling  acid^  The  sulphur 
dioxide  was  introduced  through  a  tube  of  hard  glass,  passed  through 
the  opening  between  the  Up  of  the  dish  and  the  glass  cover,  and 
shoved  down  until  the  end  under  the  acid  was  a  few  millimeters 
above  the  bottom  of  the  dish.  The  passage  of  the  gas  was  contin- 
tinued  during  the  period  of  boiling.  After  removing  the  flame, 
and  permitting  the  acid  to  cool  down  until  it  was  fuming  mod- 
erately, the  current  of  SO2  was  shut  off,  the  cover  removed  and 
the  whole  system  left  until  it  had  come  to  room  temperature. 
In  every  case  the  acid  remaining  was  limpid  and  colorless.  The 
strongly  diluted  solutions  were  heated  to  boiling  and  the  platinum 
precipitated  with  hydrogen  sulphide  as  platinic  sulphide.  In 
all  cases,  however,  the  weights  of  the  ignited  precipitates  were 
high.  After  digesting  them  with  a  little  boiling  concentrated 
hydrochloric  acid  for  fifteen  minutes,  and  then  washing  them  care- 
1  fully  in  the  crucible  by  decantation,  the  following  results  were 

^  obtained: 

HjS04  Boiled  Pt  in  Acid 

50  cc.  1  hour  unweighable 

50  cc.  2  hours  .0004  g. 

50  cc.  2  hours  .0003  g. 

50  cc.  2  hours  .0003  g. 

The  washings  were  colorless  and  gave  no  reaction  for  platinum 
with  stannous  chloride.  The  purification  of  the  platinum  with 
hot  concentrated  hydrochloric  acid  was  found  to  be  necessary 
because  the  weight  of  the  ash  of  the  filter  paper  used  was  incor- 
rectly given.  A  paper  which  should  yield  only  0.0001  g.  ash, 
gives  as  much  as  0.0003  g.  The  ash  is  almost  completely  soluble 
in  concentrated  hydrochloric  acid,  the  residue  being  undoubtedly 
silica.  The  following  experiment  would  indicate  that  the  results 
are  still  a  trifle  high:  50  cc.  of  the  acid,  through  which  a  current 
of  sulphur  dioxide  was  kept  bubbling,  were  boiled  gently  for  two 
hours  in  the  covered  dish.  The  gas  current  was  then  shut  off,  a 
piece  of  pure  sulphur  weighing  two  grams  dropped  into  the  dish 
and  the  boiling  continued  for  half  an  hour.  The  cover  was  now 
removed,  to  facilitate  the  escape  of  the  sulphur  dioxide,  and  the 
>Compare  the  results  of  Conroy.  1.  c. 
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whole  allowed  to  cool  to  room  temperature.  I  could  detect  no 
platinum  in  the  acid,  and  the  sulphur  globule  contained  only 
0.0002  g.  The  metal  dissolved  in  the  first  part  of  the  experiment 
seems  to  have  been  reduced  in  the  second  part  at  the  surface  of 
the  sulphur,  where  the  concentration  of  the  SO2  is  a  maximum, 
and  then  absorbed  by  the  molten  globule.  Quennessen^  found 
that  concentrated  sulphuric  acid  and  platinum  heated  together 
in  an  evacuated  tube  to  400  degrees  react  to  a  considerably  less 
extent  than  they  do  when  heated  freely  exposed  to  the  air.  He 
concludes  that  it  is  the  oxygen  of  the  air  which  occasions  this 
increase  in  the  solvent  action  of  the  hot  acid.  The  tube  when 
opened  contained  sulphur  dioxide,  whose  presence  Delephine 
accounts  for  thus: 

2  Pt+7H2S04^2  Pt  (OH)  (S04H2)+3S02+4H20 

He  regards  the  reaction  as  a  reversible  one,  and  calls  in  question 
the  correctness  of  Quennessen's  conclusion.  My  experiments  in 
regard  to  this  matter  are  in  agreement  with  those  of  Delephine. 
If  air  (oxygen)  must  be  present  in  order  that  the  boiling  acid  may 
attack  the  platinum,  then  any  indifferent  gas,  such  as  nitrogen  or 
carbon  dioxide,  should  act  in  a  protecting  manner.  To  test  this 
point  I  made  two  experiments,  using  a  current  of  carbon  dioxide 
in  the  place  of  one  of  sulphur  dioxide.  The  solvent  action  of  the 
boiling  acid,  however,  was  not  in  the  least  retarded,  for  in  twenty 
minutes  it  was  faintly  yellow: 


H,SO. 

Boiled 

Pt  in  Acid 

50  cc. 

1  hour 

0.0129  g. 

50  cc. 

1  hour 

0.0122  g. 

The  inactivity  of  the  boiling  acid  must  be  due  then  to  the  re- 
ducing action  of  the  sulphur  dioxide  which  in  some  way  counter- 
balances the  oxidizing  tendency  of  the  hot  acid.  We  may  explain 
the  matter  in  this  way: 

H2S04^H20  +  S03 

Assume  that  at  the  temperature  at  which  the  hot  acid  commences 
'1.  c. 
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to  attack  the  platinum  a  very  small  but  appreciable  dissociation 
of  the  anhydride  occurs: 

2803^2802+02^ 

If  we  attribute  the  oxidation  of  the  platinum  to  this  oxygen,  the 
inhibitive  action  of  the  sulphur  dioxide  would  consist  in  its  high 
active  mass  repressing  the  dissociation  of  the  sulphuric  anhydride. 
Conroy^  found  that  carbon  and  arsenious  oxide  also  serve  as  pro- 
tectors. The  action  of  the  carbon  is  of  course  analogous  to  that 
of  sulphur: 

2H2S04+C  =  2S02+C02+2H20 

Conroy  noticed  too  that  the  inhibitive  action  of  the  arsenious 
oxide  falls  off  gradually,  and  such  has  been  my  experience.  Some 
experiments  carried  out  with  varying  amounts  of  arsenious  oxide 
and  boiling  sulphuric  acid  go  to  show  that  this  is  due  to  the  arsen- 
ious being  oxidized  to  arsenic  oxide.  For  instance,  20  cc.  of  con- 
centrated sulphuric  acid  containing  0.5  g.  arsenious  oxide  were 
heated  to  boiling  in  the  covered  platinum  dish  for  one  hour.  The 
cover  was  then  removed,  the  flame  lowered,  and  the  heating 
continued  until  most  of  the  acid  had  been  expelled.  A  portion 
of  the  diluted  residue  gave  no  reaction  for  platinum  with  stannous 
chloride.  The  rest,  rendered  ammoniacal  and  treated  with  mag- 
nesia mixture,  yielded  a  heavy  precipitate  of  ammonium  mag- 
nesium arseniate^.  Here  the  oxygen  from  the  dissociated  sulphuric 
annhydride  is  taken  up  as  fast  as  it  is  formed  by  the  arsenious 
oxide,  thus  shielding  the  platinum: 

AS203  +  02-^As205 

The  behavior  of  antimonious  oxide  is  similar.  It  does  not,  however, 
protect  the  platinum  as  effectively  as  sulphur  dioxide  and  arsenious 
oxide: 

Sb203  +  02-8b205 

iKnietsch  has  shown  that,  in  the  contact  process,  the  maximum  union  of 
SO2  and  O2  (excess)  takes  place  at  a  temperature  of  about  425  degrees,  but  that 
a  back  action  sets  in  when  this  temperature  is  overstepped.  Ber.  B.  34  (1901), 
4069.  When  no  oxygen  is  present,  other  things  being  equal,  one  would  expect 
the  reverse  action  to  set  in  at  an  even  lower  temperature. 

^1-  c. 

^When  a  solution  of  arsenious  oxide  in  concentrated  sulphuric  acid  is  boiled 
for  an  hour  in  a  covered  porcelain  dish,  no  perceptible  amount  of  the  oxide  is 
converted  into  arsenic  acid. 
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My  experimental  work  then,  along  with  that  done  by  Conroy, 
explains  why  it  is  that  in  the  previously  mentioned  process  for 
reducing  antimonic  to  antimonious  oxide,  in  my  hydrofluoric  acid 
method  for  separating  antimony  and  tin,  no  platinum  is  dissolved. 
And  here  I  should  like  to  state  that  the  process  referred  to  for 
reducing  antimonic  acid  applies  equally  well  to  arsenic  acid 
solutions.  The  protecting  action  of  sulphur  dioxide  naturally 
suggests  the  possible  use  of  this  gas  in  the  preparation  of  high  grade 
acids  in  the  platinum  stills.  Most  of  the  sulphur  dioxide  escapes 
as  the  hot  acid  cools,  and  what  remains  could  be  expelled  by  heat- 
ing. Perhaps  too,  any  possible  loss  of  platinum  in  the  parting 
of  silver-platinum  alloys  with  boiling  concentrated  acid  could  be 
avoided  by  having  a  piece  of  sulphur  present  from  the  beginning. 

SUMMARY 

(1)  Boiling  concentrated  sulphuric  acid  dissolves  platinum  in 
considerable  amounts. 

(2)  Since  the  platinum  dissolves  fully  as  readily  when  the  inter- 
action takes  place  in  a  current  of  an  indifferent  gas,  such  as  carbon 
dioxide,  as  it  does  when  the  experiment  is  made  in  air,  the  oxygen 
of  the  latter  cannot  be  concerned  in  the  change. 

(3)  The  presence  of  excess  of  sulphur  dioxide,  generated  by  the 
interaction  of  the  hot  acid  and  sulphur  or  carbon,  or  introduced 
through  a  tube  into  the  boiling  acid,  inhibits  almost  entirely  its 
solvent  action.  SuflBcient  arsenious  oxide  dissolved  in  the  acid 
likewise  serves  to  protect  the  platinum,  and  even  antimonious 
oxide  manifests  marked  protective  powers. 

(4)  If  we  assume  that  at  the  temperature  of  attack  there  is  a 
slight  but  appreciable  dissociation  of  sulphuric  anhydride  into 
sulphur  dioxide  and  oxygen,  and  that  it  is  this  oxygen  which  is 
responsible  for  the  solution  of  the  platinum,  the  role  played  by 
the  reducing  agents  would  seem  to  consist  (1)  in  a  repression  of 
the  dissociation  of  the  sulphuric  anhydride  on  account  of  the  high 
concentration  of  the  sulphur  dioxide,  and  (2)  in  the  arsenious  and 
antimonious  oxides  consuming  the  oxygen  as  fast  as  it  is  set  free, 
arsenic  and  antimonic  oxides  being  formed. 


THE    DETECTION    AND    ESTIMATION    OF    EXCEED- 
INGLY MINUTE  QUANTITIES  OF  CARBON  DIOXIDE 

By  Herbert  N.  McCoy  and  Shiro  Tashiro 
University  of  Chicago,  Chicago,  III. 

The  study  of  carbon  dioxide  has  been  so  eminently  connected 
with  various  forms  of  human  activity  that  methods  for  its  ac- 
curate quantitative  determination  have  been  highly  developed 
in  spite  of  the  natural  difficulties.  Nevertheless,  none  of  the 
various  methods  of  analysis  can  be  used  for  very  minute  quan- 
tities of  carbon  dioxide.  The  well  known  titration  method  of 
Pettenkoffer,  later  modified  by  Smith,  Schulze,  Blochmann,  and 
Letts  and  Blake^,  can  be  used  only  when  the  amount  of  carbon 
dioxide  is  as  great  as  that  contained  in  a  liter  of  natural  air.  A 
more  delicate  method  consists  in  the  determination  of  decrease 
in  volume  which  takes  place  when  the  carbon  dioxide  contained 
in  air  absorbed  in  alkali.  This  method,  originally  invented  by 
von  Humboldt  in  1797,  has  been  modified  and  improved  by 
Williamson  and  RusselP,  Pettersson,  and  Palmquist^  Sonden^, 
and  finally  so  perfected  by  Haldane^,  that  one  can  detect  as  small 
an  amount  of  carbon  dioxide  as  that  contained  in  15  to  18  cc.  of 
natural  air.  This  amount  would  be  about  0.005  cc.  of  pure  carbon 
dioxide  or  about  10'^  gram. 

The  development  of  the  method  here  described  was  the  result 
of  the  desire  on  the  part  of  one  of  us  (T)  to  find  a  means  of  de- 
tecting and  estimating  still  smaller  quantities  of  carbon  dioxide 
than  the  minimum  possible  by  known  methods.  The  other  of 
us  had  worked  on  several  problems*  involving  the  accurate  de- 

*A  very  complete  bibliography  of  the  literature  up  to  1899  is  given  by 
Letts  and  Blake,  Sci.  Proc.  Roy.  Dublin  Soc,  1899-1903. 
Uour.  Chem.  Soc.  London  2,  238  (1864). 
»Ber.  der.  deut.  Chem.  Ges.,  20,  2129  (1887). 
«Zeitschr.   Anal.  Chem.,  26,  593  (1887). 
sJour.  of  Hygiene,  1,  109  (1901). 
"McCoy,  Amer.  Chem.  Jour.,  29,  437  (1903). 

McCoy  and  Smith,  Jour.  Amer.  Chem.  Soc,  33,  468  (1911). 

McCoy  and  Test,  Ibid.,  S3,  473  (1911). 
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termination  of  carbon  dioxide  and  in  the  work  with  Mr.  Smith 
had  studied  the  solubility  product  of  barium  carbonate.  Some 
considerations,  based  upon  a  knowledge  of  this  constant,  show 
that  one  ought  to  be  able  to  detect  very  much  smaller  quantities 
of  carbon  dioxide  than  is  possible  by  means  of  any  of  the  methods 
described  in  the  literature.  The  solubility  product  of  barium 
carbonate  was  found  to  be  8.1  x  10'^.  This  indicates  that  the 
amount  of  carbon  dioxide  required  to  saturate  one  cc.  of  decinor- 
mal  barium  hydroxide  with  carbonate  would  be  only  3.5  x  10'^ 
gram  or  about  the  amount  contained  in  0.005  cc.  of  natural  air. 
If  a  larger  amount  of  carbon  dioxide  were  added  to  1  cc.  of  barium 
hydroxide  solution  it  should  separate  as  solid  barium  carbonate. 
This  leads  to  the  conclusion  that  the  failure  to  detect  minute 
quantities  of  carbon  dioxide  by  means  of  barium  hydroxide  is 
not  due  to  the  appreciable  solubility  of  the  carbonate.  Now,  it 
is  very  easy  by  the  aid  of  a  simple  lens,  to  see  a  white  particle 
0.01  mm.  in  diameter.  If  the  particle  were  circular  and  0.01  mm. 
thick,  its  volume  would  be  7  x  10"*  cc.  and  if  the  substance 
were  barium  carbonate,  of  density  4.3,  its  mass  would  be  3  x  10'^ 
gram.  This  would  represent  a  little  less  than  1.0  x  10'''  gram  of 
carbon  dioxide;  which  is  the  amount  contained  in  about  1/6  cc. 
of  natural  air.  The  method  here  described  actually  allows  us 
not  only  to  detect  this  very  minute  quantity  of  carbon  dioxide, 
but  also  to  estimate  amounts  of  this  order  of  magnitude  with  con- 
siderable accuracy. 

The  apparatus,  which  is  made  of  glass,  is  shown  in  the  accom- 
panying figure.  The  bulb  has  a  capacity  of  about  25  cc;  the 
tubes  are  thick-walled  capillaries  of  about  1  mm.  internal  diameter 
excepting  the  upturned  tube  inside  the  bulb,  which  should  be 
rather  thin  walled,  especially  at  F  where  it  is  widened  to  an  in- 
ternal diameter  of  about  2  mm.  It  is  important  that  the  glass 
of  which  this  latter  tube  is  made  should  be  of  such  quality  that 
it  is  not  readily  attacked  by  barium  hydroxide  solution.  One 
tube  of  the  three-way  stop-cock  B  is  connected  to  a  reservoir 
of  carbon  dioxide-free  air^,  the  other  to  the  gas  burette  which 

lAir  cannot  be  freed  completely  from  carbon  dioxide  by  passing  it  through 
wash  bottles.  In  our  work,  carbon  dioxide-free  air  is  prepared  by  shaking 
air  with  20%  sodium  hydroxide  in  a  tightly  stoppered  carboy,  fitted  with 
suitable  tubes.  When  this  air  is  to  be  used,  it  is  displaced  by  running  in  a 
solution  of  sodium  hydroxide. 
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contains  the  sample  of  gas  to  be  tested  or  analysed.  One  tube  of 
the  three-way  stop-cock  E  is  connected  with  a  bottle  containing 
a  perfectly  clear  solution  of  barium  hydroxide  of  about  decinor- 
mal  concentration ;  the  other  tube  is  connected  to  a  pump  capable 
of  giving  a  vacuum  of  25  or  30  mm.  of  mercury. 

In  detection  or  estimation  of  carbon  dioxide  with  this  appa- 
ratus, about  20  cc.  of  pure  mercury  is  brought  into  A  and  the 
remaining  5  cc.  of  space  filled  with  carbon  dioxide-free  air.  A 
drop  of  perfectly  clear  solution  of  barium  hydroxide  is  formed 
above  the  end  of  the  capillary  at  F.  A  known  volume  of  the  sam- 
ple gas  is  then  run  into  A  by  withdrawing  mercury  through  D. 
If  the  sample  gas  run  in  is  free  from  carbon  dioxide,  the  drop  of 


364  Original  Communications:  Eighth  International        [vol. 

barium  hydroxide  remains  clear;  but  if  more  than  a  quite  definite 
minimum  amount  of  carbon  dioxide  is  introduced,  a  visible  de- 
posit of  barium  carbonate  is  formed  on  the  surface  of  the  drop. 
The  minimum  amount  of  carbon  dioxide  which  could  be  detected 
using  the  apparatus  with  which  the  experiments  described  below 
were  made,  was  very  close  to  1.0  x  10'^  gram. 

The  detail  of  the  method  of  procedure  is  as  follows.  The  appa- 
ratus is  first  cleaned  and  dried  and  then  connected  in  the  manner 
above  described.  Stop-cocks  B  and  D  are  closed  and  the  bulb, 
A,  evacuated  through  C  and  E.  Twenty  cc.  of  pure  mercury  is 
then  introduced  through  D,  which  is  then  closed.  Pure  air, 
completely  free  from  carbon  dioxide  is  then  run  in  through  B 
and  the  evacuation  and  washing  out  with  pure  carbon  dioxide- 
free  air  repeated  three  or  four  times,  A  being  left  filled  above  the 
mercury  with  such  air  at  atmospheric  pressure.  The  stop-cock 
C  is  then  closed  and  the  space  between  C  and  E  evacuated.  Per- 
fectly clear  barium  hydroxide  solution  is  then  run  in  through  E 
and  C  until  a  small  drop  stands  upon  the  upturned  end  of  the 
capillary  at  F.  It  is  imperative  that  this  drop  of  solution  should 
be  perfectly  clear  at  the  start.  If  no  deposit  of  barium  carbonate 
forms  on  the  surface  of  the  drop  within  10  minutes,  a  portion  of 
the  sample  gas  is  drawn  into  A  by  withdrawing  mercury  through 
the  stop-cock  D.  The  volume  of  mercury  withdrawn,  which  may 
readily  be  determined  by  weight,  gives  the  volume  of  the  sample 
taken;  since  the  pressure  in  A  and  also  of  the  sample  in  the  gas 
burette  is  kept  equal  to  atmospheric  pressure  during  the  transfer. 

One  now  watches  the  surface  of  the  drop  at  F  with  a  lens  to 
see  whether  any  formation  of  barium  carbonate  occurs  within 
ten  minutes.  In  our  experiments  with  the  apparatus  here  de- 
scribed, we  have  repeatedly  introduced  accurately  known  quan- 
tities of  carbon  dioxide  (always  highly  diluted)  into  A  in  the  man- 
ner just  described  and  as  a  result  have  found,  with  remarkable 
regularity,  that  1.0  x  10"^  gram  carbon  dioxide  is  the  minimum 
amount  which  will  cause  a  formation  of  barium  carbonate  within 
a  period  of  10  minutes.  Smaller  amounts  of  carbon  dioxide  give 
no  visible  result^;  while  larger  amounts  give  a  deposit  more  rapidly 

'Since  the  minimum  detectable  amount  of  carbon  dioxide,  1.0  x  10-'  gram, 
gives  a  quantity  of  barium  carbonate  which  is  easily  seen  with  a  lens;  while 
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and  in  larger  quantity.  The  minimum  detectable  amount, 
1.0  X  10'^  gram  is  about  the  amount  contained  in  1/6  cc.  of  nat- 
ural air,  in  which  we  assume  3.0  parts  of  carbon  dioxide  in  10000 
by  volume.^ 

In  order  to  determine  the  concentration  of  the  carbon  dioxide 
in  a  sample,  one  must  first  find  for  the  apparatus  used  the  min- 
imum detectable  amount  of  carbon  dioxide.  One  then  finds 
by  trial  the  minimum  volume  of  the  sample  gas  necessary  to  give 
visible  formation  of  barium  carbonate.  This  volume  must,  there- 
fore, contain  the  known  detectable  amount  of  carbon  dioxide. 

In  order  to  test  the  accuracy  with  which  an  estimate  of  con- 
centration of  carbon  dioxide  could  be  made  many  determinations 
were  carried  out  with  samples  of  air  which  contained  accurately 
known  concentrations  of  carbon  dioxide  prepared  by  Dr.  F.  C. 
Koch.^  The  experimenter  did  not  learn  the  concentration  of  the 
sample  until  after  the  analysis  had  been  completed.  The  con- 
clusion was  therefore  wholly  unprejudiced.  In  making  up  the 
test  samples,  pure  carbon  dioxide,  made  by  heating  sodium  bi- 
carbonate, was  diluted  with  carbon  dioxide-free  air  several  times 
in  succession,  as  illustrated  by  the  following  example:  5.5  cc.  of 
pure  carbon  dioxide  was  diluted  to  52.0  cc.  over  mercury  and 
thoroughly  mixed;  5.5  cc.  of  the  first  mixture  was  again  diluted 
to  52.0  cc;  7.1  cc.  of  the  second  mixture  was  diluted  to  50.7  cc; 
of  this  third  mixture  5.6  cc.  was  received  from  Dr.  Koch.  We 
diluted  this  a  fourth  time  to  255.6  cc  to  form  the  mixture  to  be 
analyzed.  The  following  observations  were  made:  0.5  cc  intro- 
duced into  the  apparatus  produced  no  precipitate  in  10  minutes; 
0.5  cc.  more  of  the  same  sample  gave  no  precipitate  in  another 
interval  of  10  minutes;  0.5  cc  more  (a  total  of  1.5  cc.)  was  then 
run  into  the  bulb.  In  6  minutes  the  first  evidence  of  a  precip- 
itate appeared  on  the  surface  of  the  drop  at  F  and  in  8  minutes  the 
precipitate  was  well  developed.  Since  the  amount  of  carbon 
dioxide   required   to   give  a  precipitate   is    1.0  x  10"^   gram,  this 

a  smaller  amount  of  carbon  dioxide  produces  no  visible  result,  it  seems  prob- 
able, in  the  latter  case,  that  supersaturation  must  exist  and  that  na  solid 
barium  carbonate  is  formed. 

^Letts   and  Blake,  loc.  Cit. 

'For  his  valuable  assistance  in  this  work,  we  wish  here  to  express  to  Dr. 
Koch  our  best  thanks. 
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amount  is  contained  in  1.5  cc.  of  the  sample  or  1  cc.  contained 

6.7  X  10'^  gram,  of  carbon  dioxide.    The  amount  of  carbon  dioxide 

5.5x5.5x7.1x5.6 
actually  contained  in  the  sample  was  cc.  =  6.2x10'* 

gram.  In  six  such  determinations,  all  made  with  samples  the 
concentrations  of  which  were  unknown  to  the  experimenter  at 
the  time  of  the  analysis,  the  results  given  in  the  following  table 
were  obtained. 


Volume  of  sample  r 

equired 
tate 

to 

Weight  of  Carbon 

dioxide  in  one  cc. 

give  a  precipi 

Found 

Taken 

1.0  CC. 

1.0  x 

10'^  gram 

0.92  X  10'^  gram 

0.5 

2.0 

2.3 

0.55 

1.82 

1.83 

1.5 

0.67 

0.62 

2.25 

0.45 

0.45 

Since  one  cc.  of  natural  air  contains  5.4  x  10''^  gram  of  carbon 
dioxide,  it  will  be  seen  that  each  sample  in  the  above  table  con- 
tains considerably  less  carbon  dioxide  than  natural  air. 

The  application  of  this  method  for  biological  purposes  has 
been  made  by  one  of  us  (T)  and  will  be  described  in  the  Bio- 
Chemical  section  of  this  Congress. 


A  NEW  METHOD  OF  TITRATION  OF  ARSENIC  ACID 

By  Alan  W.  C.  Menzies  and  Paul  D.  Potter 
University  of  Chicago 

It  is  well  knowTi  that  arsenic  acid,  when  titrated  vAiYv  sodium 
hydroxide,  appears  to  act  as  a  dibasic  or  as  a  monobasic  acid 
according  as  the  indicator  is  phenolphthalein  or  method  orange, 
the  latter  indicator  being  the  more  sensitive  towards  hydroxjd  ion. 
In  neither  case,  however,  is  the  endpoint  as  sharp  as  could  be  de- 
sired; so  that  an  accuracy  of  one  part  in  300  can  be  attained  onlj^ 
by  the  help  of  good  light,  a  comparison  tint,  patience  and  practice. 
In  these  circumstances,  and  as  many  titrations  of  arsenic  acid 
were  in  prospect,  it  seemed  desirable  to  cast  about  for  possible 
improvements  in  the  method. 

Since  both  the  too  early  appearance  and  the  indistinctness  of 
the  secondary  endpoint  are  due  to  the  feebleness  of  the  ionization 
H2As04-^H"''+HAs04',  it  was  evident  that  matters  could  be 
improved  by  replacing  the  acid  H  "^  —  HAsOl'  by  a  strong  acid  such 
as  hydrogen  chloride.  Reference  to  the  literature  showed  that 
BaHAs04  is  very  Uttle  soluble,  so  that  such  replacement  promised 
to  be  fairly  complete  if  sufficient  barium  chloride  were  added  to 
the  solution.  Other  circumstances  favoring  the  use  of  this  pre- 
cipitant were  the  high  degree  of  ionization  of  barium  hydroxide 
and  the  ob\'ious  impossibility  of  a  concentration  of  HAsO^  ion 
approaching  that  required  to  yield  a  H"*"ion  concentration  that 
should  prejudice  the  turning  pink  of  phenolphthalein. 

PreHminary  experiments,  in  which  solution  of  barium  chloride 
was  first  added  to  the  arsenic  acid,  ha^ing  sho'^Ti  a  marked  sharpen- 
ing of  the  endpoint  "^ith  phenolphthalein,  plans  were  made  for  a 
more  careful  study  of  the  best  conditions  for  titration.  For  this 
purpose  two  solutions  were  prepared:  one  containing  37.010  grams 
of  arsenic  acid  (H3ASO4)  per  liter,  and  the  other  containing  enough 
barium  chloride  to  yield  a  solution  saturated  with  respect  to 
BaCl2,  2H2O  at  a  temperature  a  trifle  below  that  of  the  room. 
Of  the  latter  solution  10  cc.  is  a  little  more  than  is  necessary  to 
form  BaHAs04  with  the  arsenic  acid  in  50  cc.  of  the  former  solu- 
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tion.  The  following  data  were  obtained  using  a  sodium  hydroxide 
solution  with  a  normality  factor  of  0.6513  as  determined  against 
Iceland  spar  weighed  in  air. 

TABLE  I 


No. 

C.C. 
H,AsO.. 
Solution 

C.C. 

BaCl. 
Solution 

Total  Volume 
In  C.C. 

C.C. 

NaOH 

Solution 

I 

50 

10 

250 

39.99 

II 

50 

10 

250 

39.96 

III 

50 

30 

250 

39.95 

[l\ 

50 

30 

250 

39.97 

V 

50 

30 

250 

39.94 

VI 

50 

30 

250 

39.95 

VII 

50 

30 

250 

44.14 

Vila 

50 

15 

250 

39.95 

Vllb 

50 

15 

250 

39.99 

The  calculated  number  of  cc.  of  the  above  alkali  which  should 
be  required  for  50  cc.  of  the  solution  of  arsenic  acid  regarded  as  a 
dibasic  acid  is  39.95. 

The  endpoints  of  the  titrations  in  experiments  I  and  II  were  far 
inferior  in  sharpness  to  those  in  experiments  III-VI  and  VII  (a) 
and  (b),  in  which  latter  groups,  according  to  the  principle  of  the 
solubility  product,  the  precipitation  process  was  more  complete 
by  reason  of  the  very  much  higher  concentration  of  Ba  "*■  "*"  ion 
furnished  by  the  excess  of  barium  chloride  beyond  the  required 
ten  cc.  Little  difference  in  sharpness  of  endpoint  could  be  dis- 
tinguished between  III-VI  and  VII  (a)  and  (b). 

The  course  of  the  titrations  I- VI  was  somewhat  as  follows: 
The  first  drops  of  alkali  added  to  the  solution  of  arsenic  acid,  bar- 
ium chloride,  and  phenolphthalein  caused  a  local  pink  coloration 
and  an  amorphous  curdy  precipitate,  both  of  which  disappeared  on 
stirring.  After  sufiicient  alkali  had  been  added  to  neutralize  the 
primary  hydrogen,  the  redissolving  of  the  curdy  precipitate,  which 
is  probably  tertiary  barium  arsenate,  became  slower.  Since 
secondary  barium  arsenate,  BaHAs04,  is  highly  insoluble,  the 
solution  at  this  stage  is  obviously  supersaturated  with  respect  to 
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this  salt.  This  can  be  shown  very  clearly  when,  for  example, 
half  as  much  alkali  has  been  added  as  would  be  necessary  to  neu- 
tralize the  arsenic  acid  regarded  as  tribasic;  for,  at  this  stage,  if 
the  walls  of  the  beaker  be  scratched  below  the  surface  of  the  clear 
solution,  a  copious  crystalline  white  precipitate  results  that 
makes  the  liquor  appear  silky  when  stirred.  This  precipitate 
increases  in  quantity  until  the  endpoint  is  reached  at  39.9  cc. 

When  care  was  taken  to  stir  the  liquid  only  very  gently  and  to 
avoid  scratching  the  walls  of  the  beaker,  results  like  that  shown 
in  experiment  VII  could  occasionally  be  obtained.  In  such  cases 
the  formation  of  insoluble  BaHAs04  had  apparently  been  delayed 
until  more  than  39.9  cc.  of  alkali  had  been  run  in.  In  order  to 
test  this  point,  a  few  titrations  were  carried  out  otherwise  as 
before  but  with  a  total  volume  of  500  cc.  instead  of  250  cc.  This 
dilution,  by  reducing  the  concentration  of  both  Ba  "*"  "^  and 
HASO4"  to  about  one-half,  should  reduce  the  degree  of  supersatura- 
tion  with  respect  to  BaHAs04  to  about  one-fourth.  Under  these 
conditions  it  was  easy  to  avoid  the  precipitation  of  any  BaHAs04 
as  the  following  examples  show: 

TABLE  II 


No. 

c.c. 

HsAsO* 
Solution 

C.C. 

BaCls 

Solution 

Volume  in 
C.C. 

C.C. 

NaOH 
Solution 

VIII 

IX 

X 

50 
50 
50 

30 
30 
10 

500 
500 
500 

59.99 
59.81 
40.08 

In  experiment  X,  crystals  of  BaHAs04  were  added  as  seed  after 
about  30  cc.  of  alkali  had  been  run  in. 

It  is  interesting  to  find  the  endpoints  in  experiments  VIII  and 
IX  so  close  to  that  calculated  for  a  tribasic  acid  (59.92  cc).  The 
presence  of  so  large  an  excess  of  barium  chloride  is  evidently  effec- 
tive in  repressing  hydrolysis.  It  is  perfectly  possible  to  obtain  a 
good  endpoint  as  for  a  tribasic  acid  even  at  the  dilution  of  250  cc, 
provided  about  58  cc.  of  alkali  is  run  in  rapidly.  In  this  way  the 
stage  at  which  the  ion  HASO4  is  at  high  concentration,  namely 
when  about  40  cc.  of  alkali  have  been  added,  is  passed  over  very 
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rapidly.  If  stirring  is  avoided,  also,  much  of  the  arsenic,  which, 
at  this  stage,  would  be  present  as  HASO4  if  opportunity  for  equilib- 
rium were  allowed,  is  actually  present  as  insoluble  Ba3(As04)2, 
locally  precipitated.  After  58  cc.  of  alkali  have  been  added, 
stirring  is  unlikely  to  yield  a  precipitate  of  BaHAs04,  for  the 
HASO4  ion  is  now  again  at  low  concentration;  and  the  well-stirred 
white  liquor  may  be  turned  pink  at  the  endpoint  by  the  addition 
of  a  single  drop  of  alkali.  For  solutions  of  which  the  arsenic  acid 
content  is  not  known  approximately  beforehand,  however,  titration 
as  for  the  tertiary  endpoint  is  plainly  too  uncertain  to  be  service- 
able for  scientific  work. 

It  should,  perhaps,  be  pointed  out  that  once  the  crystalline 
BaHAs04  has  formed,  the  solution  remains  permanently  pink  for 
any  additions  of  alkali  beyond  39.9  cc;  for,  as  long  as  this  salt  is 
present,  the  (fixed)  concentration  of  its  ion  HASO4  governs  the 
concentration  of  the  hydrogen  ion  possible,  and  this  is  sufficiently 
low  to  admit  of  a  high  enough  concentration  of  hydroxyl  ion  to 
affect  phenolphthalein. 

The  Best  Procedure.  —  A  sufficiently  large  sample  of  arsenic 
acid  should  be  used  to  require,  as  a  dibasic  acid,  between  30  and 
40  cc.  of  normal  alkali.  Fifteen  cc.  of  saturated  barium  chloride 
solution  are  added,  the  liquid  diluted  to  250  cc,  boiled  15  minutes 
to  remove  carbon  dioxide,  cooled  and  titrated  with  phenolphthalein 
as  indicator.  The  alkali,  which  may  profitably  contain  barium 
hydroxide  to  insure  absence  of  soluble  carbonate,  is  added  with 
stirring  until  the  locally  formed  precipitate  becomes  slow  in  redis- 
solving.  The  walls  of  the  vessel  are  now,  if  necessary,  scratched 
below  the  surface  of  the  clear  solution  until  the  liquid,  on  stirring, 
appears  lustrous  with  fine  crystals,  after  which  the  titration  is 
completed.  The  lustrous  crystals  and  final  pink  color  make  the 
titration  resemble  that  of  the  Zimmermann-Reinhardt  method  for 
iron. 

The  degree  of  concordance  between  duplicate  determinations 
was  well  shown  by  the  results  of  nineteen  analyses,  each  made  ne 
duplicate,  the  two  members  of  which  showed  an  aver  age  divergenic 
from  each  other  by  one  part  in  1500. 

Instead  of  basing  the  calculation  of  results  upon  the  acidimetric 
factor  of  the  alkali  employed,  it  may  perhaps  be  more  convenient 
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to  determine  the  titer  of  the  alkali  against  solutions  containing 
known  weights  of  arsenic  acid.  These  may  be  prepared  in  any  one 
of  three  wa^^s;  (1)  by  oxidizing  known  weights  of  pure  arsenic 
trioxide  by  nitric  acid,  and  evaporating  off  the  excess  of  the 
reagent  below  200;  (2)  by  synthesis  from  the  3-5  hydrate,  the 
preparation  of  which  will  be  given  in  a  future  publication;  (3)  by 
synthesis  from  arsenic  pentoxide  prepared  as  indicated  elsewhere 
in  these  Proceedings. 

In  view  of  the  satisfactory  character  of  the  endpoint  of  this 
titration,  of  the  pessibility  of  easy  synthetical  preparation  of  solu- 
tions of  arsenic  acid  of  accurately  known  concentration,  and  of  the 
opportunity  of  simply  relating  this  alkalimetric  solution,  through 
arsenious  acid,  to  oxidimetric  solutions,  it  appears  likely  that 
this  titration  could  be  profitably  employed  for  the  original  stand- 
ardization of  alkalies.  The  subject  will  receive  further  investiga- 
tion with  this  in  view. 

This  work  was  carried  out  in  the  Kent  Chemical  Laboratory  of 
the  University  of  Chicago. 


NOTE    SUR    LE    DOSAGE    DE    L'ETAIN    DANS 
SES   MINERAIS 

Presentee  par  H.  Milou  et  R.  Fouret 
Houlgate  {Calvados),  France 

L'Etain  est  un  metal  d'lin  prix  eleve.  II  serait  done  naturel 
d'exiger  des  methodes  de  dosage  de  Tetain  dans  ses  minerals  une 
grande  precision.  Or,  dans  la  pratique  commerciale,  11  n'en  est 
rlen.  II  est  admis  couramment  qu'une  difference  de  0,8  a  1%  entre 
les  resultats  de  I'analyse  du  vendeur  et  celle  de  I'acheteur  est 
negligeable.  Et  11  n'est  pas  rare  que  sur  le  meme  echantillon  dlffer- 
ents  chimistes  trouvent  des  teneurs  variant  de  2  a  3  et  meme  k  5 
unites  pour  cent. 

II  nous  a  done  paru  Interessant  d'etudier  les  differentes  methodes 
de  dosage  de  I'etaln  employees  dans  les  laboratoires  et  d'indiquer 
la  methode  qui,  d'apres  nous,  donne  les  meilleurs  resultats. 

Les  minerals  d'etain  sont  constitues  par  de  la  cassiterite  Sn02 
(avec  parfois  des  traces  de  stannine  SnFeCu2S2)  melangee  a  une 
gangue  de  composition  variable.  La  teneur  en  etain  des  minerals 
traites  en  fonderie  varie  de  30  a  75%. 

Nous  distinguerons  dans  le  dosage  de  I'etaln  dans  ses  minerals  2 
parties : 

I.-  la  desagregation  du  mineral ; 

II.-  le  dosage  de  I'etaln  dans  le  produit  de  la  desagregation. 

I. — Desagregation  du  Mineral 

Les  methodes  de  desagregation  des  minerals  d'etain  peuvent 
etre  divis^es  en  deux  categories : 

1°  celles  basees  sur  la  reduction  de  la  cassiterite  pour  obtenir 
de  retain  m^tallique; 

2°  celles  basees  sur  la  salification  de  la  cassiterite,  en  profitant  de 
la  fonction  acide  de  I'oxyde  stannique. 

1°  Methodes  basees  sur  la  reduction  de  la  cassiterite. 

Les  reducteurs  employes  sont:  le  charbon,  I'hydrogene  ou  le  gaz 
d'eclairage,  le  zinc  et  le  cyanure  de  potassium. 
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(a)  Reduction  par  le  charhon.  C'est  la  methode  des  Cornouailles. 
LevoP  et  Moissenet^  I'ont  etudiee;  elle  est  longuement  decrite  par 
M'^  Beringer^: 

80  grammes  de  mineral  sont  melanges  avec  15  gr.  5  d'anthracite 
en  poudre  et  fondus  dans  un  creuset  Morgan.  La  temperature  et 
la  duree  de  la  fusion  doivent  varier  suivant  la  qualite  du  mineral  et 
quand  le  mineral  est  fortement  siliceux,  11  est  necessaire  de  rendre 
la  scorie  plus  fluide  en  ajoutant  du  mineral  de  fer,  du  spath-fiuor  ou 
du  borax.  On  joint  au  culot  d'etain  obtenu  les  grains  de  metal 
extraits  par  broyage  et  tamisage  de  la  scorie  et  les  particules  d'etain 
obtenus  par  levigation  de  la  poussiere  provenant  du  tamisage. 

Une  variante  de  cette  methode  consiste  a  fondre  10  gr.  de  mineral 
melanges  a  5  gr.  de  carbonate  de  sonde  dans  un  creuset  (Cornish 
refining  crucible — forme  Julepp  49  round)  brasque  avec  un  melange 
de  charbon  et  d'amidon. 

(b)  Reduction  par  Vhydrogene  ou  le  gaz  d'eclairage.  Ce  precede 
dii  a  Hampe^  est  decrit  dans  tons  ses  details  par  M"^  L.  Parry^:  5  gr. 
de  mineral  sont  attaqu^s  par  I'eau  regale,  laves,  seches  et  calcines. 
On  les  met  dans  une  nacelle  placee  dans  un  tube  parcouru  par  un 
courant  d'hydrogene  ou  de  gaz  d'eclairage;  on  porte  la  temperature 
au  rouge  sombre.  L'operation  dure  deux  heures.  (Quand  Ton  se 
sert  du  gaz  d'eclairage  comme  reducteur,  il  est  necessaire  de  faire 
barboter  les  gaz  degages  dans  un  peu  d'eau  car  les  composes  sul- 
fur^s  du  gaz  forment  un  peu  de  sulfure  d'etain  volatil).  On  obtient 
ainsi  I'etain  a  I'etat  de  particules  metalliques  disseminees  dans  la 
gangue. 

Si  la  pratique  de  cette  methode  est  delicate,  elle  presente  I'avan- 
tage  de  permettre  a  un  seul  operateur  de  mener  de  front  7  ou  8 
operations. 

Mr.  J.  H.  ColUns^  a  indique  devant  1'  "  Institution  of  Mining  and 

Metallurgy"  en  mai  1904  une  methode  de  reduction  par  I'hydro- 

gene  naissant.     Elle  consiste  a  traiter  dans  un  becher  un  demi- 

gramme  de  mineral  finement  pulverise  par  20  cc  d'acide  sulfurique 

au  1/5®  et  2  gr.  de  zinc  pur,  pendant  douze  heures. 

lAnnales  de  chimie  et  de  physique  (3,  t  XLIX),  page  87. 

^Comptes  rendus  t  LI,  page  205. 

'Text  book  of  Analysis,  page  278. 

Chemiker  Zeitung  —  1887,  11-19. 

sThe  Assay  of  Tin  and  Antimony,  page  34. 

«Trans.  Inst.  Min.  and  Met.,  May,  1904. 
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(c)  Reduction  par  le  zinc.  Cette  methode  est  preconisee  par  Mr. 
Beringer^  Elle  repose  sur  la  reaction  sui vante :  Sn  O2  -^  2Zn  = 
2Zn  0  -i-  Sn. 

II  est  necessaire,  pour  faciliter  les  operations  subsequentes  que 
la  masse  reste  pulverulente  apres  la  reduction.  On  obtient  ce  resul- 
tat  en  ajoutant  une  partie  d'oxyde  de  zinc  pour  deux  parties  de  zinc 
et  une  partie  et  demie  de  mineral  porphyrise.  La  temperature  doit 
etre  maintenue  pendant  10  minutes  aussi  elevee  que  le  chalumeau 
gaz-air  le  permet.  La  reduction  s'effectue  generalement  dans  des 
creusets  de  Berlin  de  15  cc  de  capacite. 

(d)  Reduction  par  le  cyanure  de  potassium.  Cette  methode  est  la 
plus  generalement  employee  en  France  pour  les  analyses  d'achat  de 
minerals.  Les  essayeurs  du  commerce  la  pratlquent  ainsi :  5  gr.  de 
mineral  passe  au  tamis  250  sont  traites  par  25  cc  d'aclde  azotique 
et  50  cc  d'acide  chlorhydrique  a  Tebullition.  L'attaque  dure  envi- 
ron une  deml-heure. 

Apres  filtration,  I'insoluble  est  lave,  seche  et  calcine.  On  melange 
le  prodult  de  la  calcination  avec  15  gr.  de  cyanure  de  potassium 
recemment  broye;  on  met  le  tout  dans  un  creuset  en  terre  de  Paris 
No.  8  sous  une  couverture  de  10  gr.  de  cyanure  de  potassium.  On 
porte  le  creuset  dans  un  four  a  coke.  En  dix  minutes,  on  amene  la 
temperature  au  rouge  vif,  on  la  maintient  ainsi  5  minutes.  On  re- 
tire le  creuset  du  four.    On  le  laisse  refroidlr,  puis  on  le  brlse.    On  a 

1  bouton  d'un  polds  p.    On  admet  qu^  — — =  teneur  en  etaln 

5 

pour  cent  du  mineral  essaye. 

(Certains  chimlstes  ayant  remarque  que  la  presence  de  tungstene, 
d'aclde  titanqiue  ou  d'une  grande  quantite  de  silice  genait  la  reduc- 
tion de  la  cassiterite  par  le  cyanure  de  potassium  ont  fait  suivre 
l'attaque  a  I'eau  regale  de  diff erentes  operations : 

(a)  Elimination  du  tungstene.  Par  l'attaque  a  I'eau  regale,  le 
wolfram  et  la  scheellte  ont  ete  transformes  en  acide  tungstique 
(WO3)  insoluble.  Apres  filtration  et  lavage  du  resldu  de  l'attaque 
a  I'eau  regale,  I'acide  tungstique  est  extrait  par  une  digestion  avec 
de  I'ammoniaque  ou  une  liqueur  de  carbonate  d'ammonlaque. 

()S)  Elimination  de  V acide  titanique.  Dans  le  cas  de  presence  de 
titane  en  quantite  genante,  une  fusion  avec  du  blsulfate  de  potas- 
sium s'lmpose;  ensulte,  reprise  par  I'eau  glacee. 

^Text  book  of  Analysis,  page  285. 
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(y)  Elimination  de  la  silice.  Attaque  a  I'acide  fluorhydrique 
suivie  d'une  evaporation. 

— Le  bouton  d'etain  obtenu  contient  toujours  du  fer  en  plus  ou 
moins  grande  quantity,  et  du  plomb,  du  euivre,  de  I'antimoine,  de 
I'arsenic,  quand  il  n'a  pas  ete  possible  de  les  ^liminer  en  totalite 
lors  de  I'attaque  a  I'eau  regale.  Ces  impuret^s  sont  reput^es  com- 
penser  les  pertes  provenant  de  la  dissolution  dans  I'eau  regale  de 
retain  present  dans  le  mineral  k  I'etat  de  stannine  et  celles  prov- 
enant de  la  combinaison  d'une  certaine  quantite  d'oxyde  d'etain 
avec  I'alcali  que  contient  toujours  le  cyanure  de  potassium. 

Nous  avons  longtemps  employe  cette  methode  qui  a  le  m^rite 
d'^rte  rapide;  nous  avons  dtl  I'abandonner  parce  que,  si  dans  le  cas 
d'un  mineral  relativement  pur,  elle  donne  des  resultats  a  peu  pres 
exacts ;  quand  il  s'agit  d'un  mineral  riche  en  impuretes,  les  resultats 
obtenus  sont  deplorables. 

Nous  avons  remarque  que  certaines  variet^s  de  minerals  sem- 
blent  renfermer  I'antimoine,  I'arsenic  et  le  plomb  en  combinaison 
intime  avec  I'oxyde  d'etain  sous  une  forme  resistant  a  Taction  de 
I'eau  regale. 

Nous  indiquons  ci-dessous  les  resultats  obtenus  par  cette  me- 
thode avec  deux  minerals : 

I.-  Pris  5  gr.  de  mineral.  Ataaque  prealable  a  I'eau  regale. 
Fusion  au  cyanure  de  potassium. 

Poids  du  bouton  d'etain  c btenu:  2  gr.  435; 

2  435  X  100 

d'oii:  teneur  en  etain  du  mineral :  — =  48,7  %. 

o 

L'analyse  du  bouton  a  donne  les  resultats  suivants : 

Impuretes  contenues:  fer:        0^'^0510 

plomb:        0,  0094 

euivre:        0,  0024 

antimoine:        0,  0510 


total:        0,   1138 

r.       •  ,.0,1138X100      OO7A0/ 

Ce  qm  correspond  a  — =  2,276%. 

o 

La   teneur    corrigee    devenait    48,7  -  2,276  =  46,424%. 

II.-  Pris  5  gr.  de  mineral.     Attaque  prealable  a  I'eau  regale. 

Fusion  au  cyanure  de  potassium. 
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Poids    du    bouton    d'^tain    obtenu:    2    gr.    747; 

2  747  X 100 

d'ou:  teneur  en  etain  du  minerai:    — =  54,94%. 

5 

L'analyse  du  bouton  a  donn^  les  resultats  suivants: 

Impuretes  contenues:  fer:        0^'^0412 

plomb:        0,  0280 

cuivre:        0,  0013 
antimoine :        0,   1455 


total:        0,  2160 

Ce    qui    correspond    k    — =  4,32%. 

5 

La    teneur    corrigee    devenait    54,94  —  4,32  =  50,62%. 

— Si  la  methode  de  dosage  de  I'etain  dans  ses  minerais  par  fusion 
au  cyanure  de  potassium  donne  des  resultats  errones  par  suite  de  la 
plus  ou  moins  grande  impuret^  du  bouton  metallique  obtenu,  il  est 
permis  de  se  demander  si,  en  ne  considerant  cette  methode  que 
comme  un  procede  de  desagregation  du  minerai,  et  en  titrant  le 
bouton,  les  resultats  obtenus  ne  seraient  pas  exacts.  Nous  pensons 
que  non.  Voici  pourquoi :  Nous  avons  fait  des  essais  de  fusion  avec 
un  meme  minerai,  en  prenant  la  meme  quantite  (5  gr.),  faisant 
subir  a  chaque  essai  le  meme  traitement  a  I'eau  regale,  menant  la 
fusion  de  chaque  essai  de  la  meme  fagon  et  pendant  le  meme  temps; 
seule,  la  nature  du  cyanure  de  potassium  variait. 

Nous  avons  ainsi  opere  avec  les  differentes  quahtes  de  "cyanure 
de  potassium  chimiquement  pur"  que  nous  avons  pu  nous  procurer 
dans  les  maisons  de  produits  chimiques  frangaises  et  allemandes. 
Nous  avons  obtenu  des  resultats  absolument  discordants.  Sans 
doute,  en  se  servant  du  meme  cyanure,  cette  methode  donne  des 
resultats  qui  concordent  souvent  a  moins  de  0.1%  pres.  Mais,  en 
changeant  la  qualite  de  cyanure,  les  resultats  que  Ton  obtient  con- 
cordant toujours  entre  eux,  sont  tr^s  differentes  des  premiers. 

A  titre  d'exemple,  nous  donnons  ci-dessous  lee  resultats  obtenus 
sur  un  meme  minerai  avec  2  quahtes  de  "cyanure  de  potassium 
chimiquement  pur,"  le  cyanure  de  potassium  "special"  de  la 
Maison  Chanut,  de  Paris,  et  le  cyanure  de  potassium  98  =  99% 
(Cod.  frang.  1908)  de  la  Maison  Merck,  de  Darmstadt: 
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Cyanure  Chanut  Cyanure  Merck 

Etain%  51,30  51,76 

51,34  51,70 

De  ces  resultats,  nous  tirons  la  conclusion  que  meme  comme 
methode  de  desagregation  des  minerals  d'etain,  la  methode  de 
reduction  au  cyanure  de  potassium  n'est  pas  recommandable. 

Remarque.  Les  quatre  m^thodes  de  desagregation  des  minerais 
d'etain  decrites  ci-dessus  ont  un  defaut  commun:  La  reduction  du 
mineral  laisse  une  gangue  dont  I'aspect  seul  ne  permet  pas  de  recon- 
naitre  si  elle  contient  encore  de  la  cassiterite.  II  n'y  a  done  pas  de 
controle  immediat  possible. 

2°-  Methodes  bashes  sur  la  salification  de  la  cassiterite. 

Les  reactifs  employes  la  plus  frequemment  sont :  la  soude  caus- 
tique;  lebioxyde  de  sodium;  le  melange  des  carbonates  de  potas- 
sium et  de  sodium  et  le  foie  de  soufre  ou  I'hyposulfite  de  sodium. 

(a)  Salification  par  la  soude.  M.  M.  Pearce  et  Low'^  recomman- 
dent  cette  methode.  La  reaction  peut-etre  representee  par:  Sn02-r 
2  NaOH  =  Sn02,  NaaO  -f-  H2O. 

La  fusion  se  fait  au  rouge  sombre  dans  un  creuset  d'argent,  de 
nickel,  ou  plus  simplement  de  fer.  L'eau  d'hydratation  que  con- 
tient toujours  la  soude  se  degage  a  I'etat  de  vapeur  au  debut  de  la 
fusion  et  occasionne  parfois  des  projections.  II  est  assez  difficile 
d'obtenir  un  melange  intime  du  mineral  et  du  fondant.  Toutefois, 
en  operant  avec  soin,  les  resultats  obtenus  par  cette  methode  sont 
tres  satisfaisants. 

(b)  Salification  par  le  hioxyde  de  sodium.  Cette  methode  est, 
elle  aussi,  pr^conisee  par  Mr.  Low.^  La  reaction  est  la  suivante: 
Sn02  -f-  Na202  =  Sn02,  Na^O  -i-  O.  On  emploie  le  meme  materiel 
que  pour  la  fusion  avec  la  soude,  mais  I'attaque  de  la  capsule  est  plus 
energique.  La  pratique  journaliere  de  la  methode  nous  a  prouve 
que  pour  une  fusion  de  2  gr.  de  mineral  avec  20  gr.  de  bioxyde  de 
sodium — operation  qui  demande  vingt  minutes — il  y  a  attaque 
de  1  gr.  4  de  la  capsule  d'acier  doux.  La  salification  par  le  bioxyde 
de  sodium  pr^sente  sur  la  salification  par  la  soude  I'avantage  que  le 
r^actif  6tant  en  poudre,  il  peut-etre  melange  intimement  avec  le 

'Technical  Methods  of  Ore  analysis,  2*  Edition,  page  185. 
^Technical  Methods  of  Ore  analysis,  2^  Edition,  page  188. 
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mineral.    Quand  Ton  a  soin  de  ne  pas  depasser  la  temperature  du 
rouge  sombre,  les  pertes  par  projections  sont  impossibles. 

(c)  Salification  par  le  melange  des  carbonates  de  potassium  et  de 
sodium.  La  reaction  est:  Sn02  -r  C03X2  =  Sn02X20  -r  CO2,  X 
etant  K  ou  Na. 

Le  melange  de  mineral  et  des  carbonates  alcalins  est  mis  dans  un 
creuset  de  platine,  chauffe  graduellement  jusqu'au  rouge  vif  que 
Ton  maintient  dix  minutes.  Quand  le  mineral  n'est  pas  parfaite- 
ment  porphyrise,  I'attaque  est  souvent  incomplete. 

(d)  Salification  par  lefoie  de  soufre,  ou  par  Vhyposulfite  de  sodium. 
Le  fondant  est  un  melange  k  poids  egaux  de  carbonate  de  sonde  et 
de  soufre  ou  bien  de  I'hyposulfite  de  sonde  prealablement  desseche. 
On  a:  Sn02  -^2  COsNa^  -^  (5  4-  n)S  =  SnSa,  NasS  ^  2CO2  -  2SO2 
-^  Na2Sn. 

La  fusion  s'effectue  dans  un  creuset  de  porcelaine.  EUe  doit 
etre  conduite  de  deux  fagons  differentes,  selon  que  Ton  veut  ou  non 
attaquer  la  gangue  siliceuse.  Dans  le  1'"'  cas,  11  faut  chauffer 
progressivement  jusqu'au  rouge  sombre;  dans  le  2^  cas,  le  plus 
frequent,  11  faut  chauffer  seulement  de  fagon  a  maintenir  la  masse 
fondue.  Du  reste,  cette  fusion  est  tres  deUcate  et  souvent  11  s'est 
deja  forme  du  silicate  de  sonde  alors  qu'il  reste  encore  de  la 
cassiterite  non  attaquee. 

Nous  avons  remarque  que  la  presence  d'aclde  titanique,  meme 
en  petites  quantltes  (1  a  2%)  empeche  la  saUfication  complete  de 
la  cassiterite  par  le  foie  de  soufre.  Dans  le  cas  de  presence  de  rutile 
dans  le  mineral  d'etain,  11  est  done  necessaire,  avant  de  fondre  le 
mineral  avec  le  foie  de  soufre,  d'eliminer  I'acide  titanique  par  fusion 
avec  le  bisulfate  de  potassium  et  reprise  par  I'eau  glacee. 

Remarqu£s— Les  quatre  methodes  de  salification  decrltes  ci-dessus 
exigent  une  porphyrisation  aussi  fine  que  possible  du  mineral. 
L'attaque  prealable  du  mineral  par  I'eau  regale  n'est  indispensable 
que  pour  la  methode  de  sahfication  par  le  melange  des  carbonates 
et  pour  la  methode  de  salification  par  le  foie  de  soufre. 

Le  mineral  ayant  ete  desagrege  soit  par  reduction,  soit  par  salifi- 
cation, 11  s'agit  maintenant  de  doser  I'^tain  dans  le  produit  de  cette 
desagregation. 
IL-  Dosage  de  I'etain  dans  le  produit  de  la  desagregation  du  mineral. 

Avant  d'etudier  les  differentes  methodes    susceptibles  d'etre 
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appliqu^es  au  dosage  de  I'etain,  il  nous  parait  interessant  de  rap- 
peler  certaines  proprietes  de  I'etain  et  de  quelques-uns  de  ses  sels. 

L'Etain  est  un  m^tal  blanc,  gris  clair,  tres  malleable.  II  est  solu- 
ble dans  I'acide  chlorhydrique  en  donnant  au  chlorure  stanneux 
SnCl2.  L'attaque  par  Tacide  chlorhydrique  est  beaucoup  plus 
rapide  quand  retain  n'est  pas  pur  mais  contient  1%  d'impuretes 
comme  I'antimoine  ou  rarsenie.  La  solution  de  chlorure  stanneux 
est  facilement  oxydable;  au  simple  contact  de  Fair,  elle  donne  du 
chlorure  stannique  SnCU.  Les  oxydants:  iode,  perchlorure  de  fer, 
perchlorure  de  cuivre,  permanganate  de  potassium  et  bichromate 
de  potassium  operent  tres  aisement  cette  transformation. 

Nous  faisons  remarquer  que  quand  Ton  porte  a  I'ebullition  une 
solution  chlorhydrique  de  chlorure  staimeux  ou  de  chlorure  stan- 
nique, il  y  a  entrainement  de  chlorure  d'etain  dans  les  vapeurs  qui  se 
degagent;  il  est  done  necessaire  de  les  condenser.  L' entrainement 
de  chlorure  d'etain  dans  les  vapeurs  est  d'autant  plus  fort  que  la 
proportion  d'acide  libre  dans  la  solution  est  plus  grande.  Quand 
Ton  evapore  une  solution  de  chlorure  stanneux  ou  une  solution  de 
chlorure  stannique,  en  ayant  soin  de  maintenir  la  temperature 
aussi  douce  que  possible,  la  perte  de  chlorure  d'etain  par  entraine- 
ment est  faible  avec  le  chlorure  stanneux  et  a  peine  appreciable 
avec  le  chlorure  stannique.  Elle  est  nulle  si  Ton  prend  la  precau- 
tion d'ajouter  a  la  solution  chlorhydrique  de  chlorure  stannique  un 
peu  d'acide  sulfurique. 

L'hydrogene  sulfure  donne  avec  une  solution  de  chlorure  stan- 
neux un  precipite  brun  de  sulfure  stanneux  SnS  et  avec  une  solution 
de  chlorure  stannique  un  precipite  jaune  de  sulfure  stannique  SnS2. 
En  liqueur  oxaHque,  la  precipitation  par  l'hydrogene  sulfure  n'a 
pas  Heu  avec  le  chlorure  stannique  mais  se  produit  avec  le  chlorure 
stanneux  (Clarke). 

Le  suKure  stannique  SnS2  est  seul  soluble  dans  les  sulfures 
alcalins. 

Les  stannates  et  les  sulfostannates  sont  solubles  dans  I'eau. 
L'addition  d'acide  chlorhydrique  a  une  de  leurs  solutions  produit, 
suivant  le  cas,  un  precipite  d 'hydrate  ou  de  sulfure  tou jours  soluble 
dans  un  exces  d'acide.  Aussi,  peut-on  verifier  rapidement  si  les 
attaques  d'un  mineral  d'etain  par  salification  sont  completes.  La 
reprise  par  I'eau  et  I'acide  chlorhydrique  doit  mettre  tout  en  solu- 
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tion;  il  ne  doit  pas  rester  de  residu  lourd.  Parfois,  il  se  forme  des 
flocons  de  silice;  mais  la  confusion  n'est  pas  possible. 

Le  sulfure  stanneux  et  le  sulfure  stannique,  grilles,  donnent  de 
Toxyde  d'etain  Sn02 ;  les  differentes  hydrates  de  I'oxyde  stannique, 
calcines,  donnent  le  meme  compost  Sn02. 

Le  dosage  de  retain  peut  s'effectuer  soit  par  des  methodes  gravi- 
metriques,  soit  par  des  methodes  volumetriques.  Nous  allons 
etudier  les  differentes  methodes  preconisees  pour  ce  dosage. 

1°-  Methodes  gravimetrigues. 

(a)  Pesee  de  I'etain  obtenu  lors  de  la  reduction  du  mineral  par 
le  charbon  ou  le  cyanure  de  potassium.  Methode  tres  rapide,  mais 
pen  precise  comme  nous  Tavons  montr6  lors  de  I'etude  du  procede 
de  reduction  au  cyanure  de  potassium.  Son  emploi  n'est  justifi6 
que  lorsqu'il  s'agit  de  comparer  les  teneurs  de  minerals  de  meme 
quality. 

(b)  Depot  par  le  zinc.  On  opere  sur  la  solution  chlorhydrique 
provenant  de  I'attaque  du  produit  des  differentes  methodes  de 
desagregation.  On  reunit  a  cette  liqueur,  quand  il  y  a  lieu,  celle 
provenant  de  la  purification  pr^alable  du  mineral.  On  precipite 
I'arsenic,  I'antimoine  et  le  cuivre  sur  une  lame  de  fer.  De  la  liqueur 
debarrassee  des  impuretes  on  extrait  I'etain  au  moyen  d'une  lame 
de  zinc.  L'^ponge  metallique  obtenue  est  fondue  avec  du  cyanure 
de  potassium;  le  bouton  est  pes6.  Cette  methode,  assez  rapide,  ne 
donne  pratiquement  que  de  mauvais  r^sultats. 

(c)  Depot  par  electrolyse.  Le  dosage  61ectrolytique  de  I'etain  a 
ete  ^tudie  par  Classen^  parfois  en  collaboration  avec  Reis^  ou  avec 
Schelle^  par  Mr.  Henz''  et  par  MM.  Hollard  et  Be^tiaux^  Ce 
dosage  se  fait  en  solution  chlorhydrique  (10%)  et  oxalique  (10%) 
avec  une  intensite  de  courant  de  1  ampere.  On  obtient  ainsi  des 
resultats  tres  precis;  mais  il  faut  ^liminer  au  pr^alable  I'arsenic, 
I'antimoine,  le  fer  et  les  sels  de  sodium  quand  ils  sont  en  grande 
quantite.  On  se  debarrasse  de  I'arsenic  et  de  I'antimoine  par  la 
methode  de  Clarke  (precipitation  par  H2S  en  liqueur  oxalique). 
Apres  avoir  chass6  H2S  par  Ebullition,  on  amene  la  liqueur  h  la 
concentration  voulue. 

i  iQuantit.  Anal,  durch  Electrolyse,  3^  edit.,  page  104. 
';"  ^D.  Chem.  G.,  i4,  1628. 
;     >D.  Chem.  G.,  31,  2897. 

♦Zeitschrift  f.  Anorg.  Chemie,  37,  39  (1902). 

^Analyse  des  metaux  par  Electrolyse,  page  68. 
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Cette  m^thode  pr^sente  deux  inconv^nients :  elle  est  d'un  emploi 
trop  d^licat  et  d'un  rendement  trop  faible  pour  un  laboratoire 
industriel. 

(d)  Pes6e  a  I'^tat  d'oxyde  stannique.  La  precipitation  de  I'^tain 
peut-etre  faite  a  I'etat  d'hydroxyde  ou  k  I'etat  de  sulfure.  Le 
premier  proc6de  a  6te  etudie  par  Goldschmidt/  Loewenthal^  et 
Rose;'  le  second  par  Barford,^  Th.  Scheerer,^  Bunsen^  et  Mr. 
Henz.''  Dans  ces  deux  procedes,  il  faut  s^parer  compl^tement 
retain  de  toutes  les  impuretes  qui  I'accompagnent,  ce  qui,  pratique- 
ment,  est  irrealisable. 

2° — MHhodes  Volume triques.  Sont  basees  sur  la  transformation 
du  chlorure  stanneux  SnClg  en  chlorure  stannique  SnCU  sous 
I'influence  de  certains  agents  d'oxydation. 

L'etain  peut-etre  amen6  k  I'etat  de  chlorure  stanneux  de  deux 
f agons : 

(a)  par  reduction  d'une  liqueur  par  le  fer  en  lame  ou  en  limaille 
par  le  nickel  (M.  Beringer)  ou  par  I'antimoine  (MM.  Brearley  et 
Ibbotson).  L'inconvenient  de  ce  proc6d6  est  que  rien  ne  permet  de 
s'assurer  que  la  reduction  est  totale. 

(y8)  par  dissolution  de  retain  en  atmosphere  de  gaz  carbonique 
(CO2).  Ce  procede  est  tr^s  stir,  permet  d'obtenir  un  volume  de 
liqueur  aussi  faible  que  possible  et  un  refroidissement  rapide  de 
cette  liqueur. 

— Les  m^thodes  volum^triques  de  dosage  de  retain  peuvent  etre 
divis^es  en  2  groupes,  suivant  que  le  dosage  est  fait  k  chaud  ou  k 
froid. 

(a)  Dosage  volum^trique  k  chaud.  Pent  s'effectuer  par  le 
chlorure  ferrique  (FeCls)  ou  le  chlorure  cuivrique  (CuCU).  MM. 
Parry  et  Hocking  ont  etudie  dans  ses  details  le  dosage  par  FeCla ; 
Strohmeyer^  a  etudie  le  dosage  par  CUCI2. 

Dans  les  deux  cas,  la  mani^re  d'op^rer  est  a  peu  pr^s  la  meme : 

La  liqueur  de  chlorure  stanneux  doit  contenir  50%  d'acide  libre 

■Dinglers  polytechn  Journ.,  t  CLXII,  page  76. 
^Journ.  f.  Prakt.  Chemie,  LVI,  page  366. 
'Poggend.  Ann.,  CXII,  page  164. 
^Zeitechrift  f.  Analat.  Ch.,  VII,  page  260. 
^Journ.  Y.  Prakt.  Chemie,  N.F.  Ill,  page  472. 
"Ann.  der  Chemie  und  Pharm.,  CVI,  page  13. 
'Zeits.  f.  Anorg.  Chemie,  XXXVII,  page  .39  (1903). 
sAnn  der  Chemie  und  Pharm.,  CCXVII,  page  261. 
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(en  volume).  Sa  temperature  doit  etre  aussi  voisine  que  possible 
de  r^bullition.  On  y  verse  a  I'aide  d'une  burette  la  liqueur  titr^e 
(FeCls  ou  CUCI2)  qui  est  fortement  color 6e.  Quand  Toxydation  est 
termin^e,  la  premiere  goutte  de  liqueur  titree  ajoutee  en  exces  pro- 
duit  imm^diatement  dans  la  liqueur  une  coloration  jaune. 

(b)  Dosage  volumetrique  a  froid.  Pent  s'effectuer  par  I'iode,  le 
permanganate  de  potassium,  ou  par  le  bichromate  de  potassium. 

Le  proc^de  de  dosage  par  I'iode  presente  les  avantages  suivants: 
gr^ce  k  I'usage  d'empois  d'amidon,  le  virage  est  d'une  nettet6  in- 
comparable ;  enfin,  la  teneur  en  acide  de  la  liqueur  peut  varier  dans 
de  tres  larges  limites  sans  gener  en  rien  le  virage.  Nous  signalons 
que,  contrairement  k  ce  que  Ton  pourrait  croire,  la  presence  de 
plomb,  meme  en  grande  quantite  ne  gene  pas  le  dosage  a  Tiode. 
II  se  forme  de  I'iodure  de  plomb  Pbl2  aux  depens  de  I'iodure  de 
potassium  que  contient  la  liqueur  d'iode.  Nous  devons  signaler 
que  Lenssen^  a  recommand^  le  dosage  par  I'iode  en  solution  alcaline 
et  que  Crismer^  a  indique  un  dosage  par  le  bichromate  et  I'iodure 
de  potassium  qui  est  en  r^alit^  un  dosage  par  Tiode. 

— Le  proced^  de  dosage  par  le  permanganate  de  potassium  etudie 
par  Jolles^  est  d'un  emploi  comiode  et  donne  un  birage  tres  net; 
mais  il  peut  occasionner  des  erreurs  lorsque  les  conditions  d'acidit^ 
changent. 

— Le  proced^  de  dosage  par  le  bichromate  de  potassium  est  peu 
employe,  car  le  \arage  est  difl&cile  a  saisir. 

Apres  avoir  etudie  les  differentes  methodes  de  d^sagr^gation  des 
minerals  d'^tain  et  les  differentes  proc^des  de  dosage  de  I'^tain 
dans  le  produit  de  cette  d^sagregation,  nous  donnons  ci-dessous  les 
details  de  la  methode  employee  dans  le  laboratoire  de  I'usine  de 
Dives  pour  le  dosage  de  I'^tain  dans  ses  minerals. 

Methode  de  dosage  employe  a  Dives 

Le  mineral  est  porphyrise  au  mortier  d'agate.    2  gr.  de  mineral 

sont  melanges  avec  20  gr.  de  bioxyde  de  sodium  et  mis  dans  une 

capsule  de  tole  d'acier  doux.    (Le  diametre  de  la  capsule  est  de  60 

m/m;  son  dpaisseur  de  2,5  m/m).    La  fusion,  mende  avec  pr^cau- 

^Journal  f.  Prakt  Chemie  LXXVIII  iind  Aim.  dcr  Chemio  und  Pharm., 
CXIV,  113. 

^D.  Chem.  G.,  17,  646  et  Bulletin  de  la  S*^  Chimique  (2)  U,  518. 
^Chemik.  Zeit.,  12,  597. 
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tion,  est  maintenue  pendant  20  minutes.  On  laisse  refroidir 
quelque  temps.  La  capsule  est  mise  dans  un  becher  de  500  cc.  avec 
150  cc.  d'eau.  On  recouvre  le  becher  d'un  verre  de  montre,  car 
Thydratation  est  vive.  Lorsque  la  reaction  devient  plus  lente,  on 
ajoute  peu  a  peu  70  cc.  d'acide  chlorhydrique  a  23°  B^.  Une  fois 
I'attaque  de  la  masse  fondue  termin^e,  on  retire  la  capsule  et  la 
lave  a  fond  a  I'aide  d'un  agitateur  muni  d'un  bout  de  caoutchouc 
et  du  jet  d'une  pissette.  Si  la  desagr^gation  du  mineral  par 
Na202  a  ete  totale,  il  ne  doit  pas  se  trouver  au  fond  de  al  liqueur 
de  parties  insoluble  dense. 

Dans  la  Uqueur  port^e  k  la  temperature  de  90°,  Ton  ajoute  4  gr. 
de  hmaille  de  fer  pour  precipiter  I'arsenic,  I'antimoine  et  le  cuivre 
et  pour  reduire  SnCU  en  SnCl2.  L'op^ration  dure  environ  une  demi- 
heure.  Ensuite;  la  liqueur  est  filtree  sur  papier  Berzelius  et  rcQue 
dans  un  erlenmeyer  de  500  cc;  le  filtre  est  rinc^  plusieurs  fois  a 
I'eau  chaude. 

La  liqueur  est  port^e  de  nouveau  k  95°  environ.  On  y  ajoute 
10  gr.  de  forures  de  zinc  pur  (Electro),  pour  precipiter  I'^tain.  De 
temps  en  temps,  on  pr^leve  une  goutte  de  liqueur  que  Ton  depose 
sur  une  coupelle  en  porcelaine  et  que  Ton  traite  par  une  goutte  de 
solution  d'acide  sulfohydrique.  D'abord,  il  se  produit  une  colora- 
tion brune  dtie  k  SnS  puis,  quand  retain  est  precipite  en  totaUt^, 
il  ne  se  produit  plus  qu'un  trouble  blanc  dd  k  ZnS.  Alors,  on  deoan- 
te  la  liqueur  sur  un  entonnoir  garni  d'un  tempon  de  coton  de  verre. 
L'^ponge  d'etain  reste  dans  la  fiole  avec  le  zinc  en  exces.  On  y 
joint  le  tampon  de  coton  de  verre  qui  a  retenu  les  particules  d'etain 
entrain^es  lors  de  la  d^cantation. 

La  fiole  est  munie  d'lm  bouchon  de  caoutchouc  traverse  par  deux 
tubes:  I'un  sert  a  I'amenee  d'un  courant  de  gaz  carbonique;  I'autre 
a  sa  sortie.  Apres  quelques  minutes  de  passage  de  gaz  carbonique, 
on  souleve  le  bouchon  et  ajoute  30  cc.  d'acide  chlorhydrique  a  23° 
B^.  II  se  produit  une  reaction  tres  vive.  Le  zinc  en  exc^s  donne 
avec  HCl  un  d^gagement  d'hydrog^ne  qui  acheve  de  purger  d'air 
I'atmosphere  de  I'erlenmeyer.  On  chauffe  doucement  jusqu'a 
dissolution  complete  de  retain  et  du  zinc.  On  ferme  le  tube 
abducteur  et  Ton  refroidit  la  fiole.  CO2  remplit  le  vide  pro- 
duit par  la  condensation.  Apr^s  refroidissement,  on  s^pare 
la  fiole  de  I'appareil  producteur  de  gaz   carbonique.     On  rince 
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les  tubes  avec  de  Teau  privee  d'air  (1  litre  d'eau-7-3  gr.  CO3- 
NaH-^HCl),  on  amene  la  liqueur  k  250  cc.  avec  la  m^me  eau. 
On  ajoute  quelques  gouttes  d'empois  d'amidon.  On  verse  a 
I'aide  d'une  burette  ime  liqueur  titr^e  d'iode  (1  cc.  =  Ogr.  05  Sn) 
jusqu'^  coloration  bleue.  Le  virage  est  tres  net.  Une  goutte 
suffit  pour  le  produire  d'une  fagon  indiscutable.  Or,  une  goutte 
correspondant  k  0"°  05  ^quivaut  a  0  gr.  0025  d'^tain.  La 
prise  d'essai  etant  de  2  gr.,  I'approximation  de  cette  methode 
pent  etre  definie  ainsi :  On  sait  que  la  teneur  %  du  minerai  est  com- 
prise entre  deux  valeurs  differant  entre  elles  de  0,125.  Nous  pen- 
sons  que  cette  approximation  est  trds  suffisante  pour  les  essais 
industriels. 

La  methode  ci-dessus  decrite  a  ete  longuement  pratiqu^e  par 
nous.  Elle  nous  a  donne  et  nous  donne  encore  d'excellents  re- 
sultats.     Nous  lui  trouvons  les  qualites  suivantes: 

1°-  Elle  permet  de  verifier  facilement  si  la  totality  de  la  cassit^r- 
ite  a  6te  desagr^gee ; 

2°-  Elle  s'applique  a  tous  les  minerals,  meme  tr^s  pauvres  et 
meme  tres  impurs; 

3°-  Elle  est  rapide,  car  le  r^sultat  est  obtenu  en  4  heures; 

4°-  Elle  permet  le  travail  en  serie. 

Dans  ces  conditions,  nous  pensons  pouvoir  en  reconunander 
I'emploi  a  nos  collegues.  Nous  serons  tres  heureux  s'ils  veulent 
bien  nous  faire  part  de  leurs  objections. 


(Extrait) 

ANALYSE  DES   COULEURS    EN    PATE    ET    EN    PAR- 
TICULIER  DES   "LITHOPONES" 

Par  p.  Nicolardot 
Paris,  France 

Le  principe  de  la  methode  consiste  d,  trailer  par  le  toluene 
la  pate  pour  separer  rhuile  de  la  matiere  mlnerale  et  k  attaquer 
par  de  I'acide  chlorhydrique  dilue  la  matiere  minerale.  L'acide 
n'est  ajoute  que  par  portions  successives  pour  eviter  la  sapo- 
nification de  I'huile. 

Les  gaz  qui  peuvent  se  degager  pendant  I'attaque  de  la  partie 
minerale  (H2S  provenant  de  la  presence  de  lithopone)  passent 
dans  de  l'acide  nitrique  fumant.  Apres  attaque  I'huile  est  s^p- 
aree  par  decantation,  puis  par  filtration,  de  la  solution  et  du 
residu  insoluble.  La  solution  et  le  r^sidu  sont  analyses  par  les 
precedes  communs:  la  solution,  pour  plomb,  zinc  et  acide  sul- 
furique;  le  residu,  pour  plomb,  sulfate  de  baryte  silice,  etc.  Dans 
l'acide  nitrique,  on  dose  l'acide  sulfurique  provenant  de  I'attaque 
du  sulfure  de  zinc. 
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A  NEW  CALORIMETER  BOMB  WITH  SPECIAL  ADVAN- 
TAGES AS  TO  MATERIAL  OF  CONSTRUCTION 
AND  METHOD  OF  OPERATION 

By  S.  W.  Parr 
University  of  Illinois,  Urhana,  Illinois 

In  attempting  to  improve  upon  the  oxygen  bomb  for  calori- 
metric  use  the  efforts  have  been  directed  along  two  distinct  lines 
to  meet  what  seemed  to  be  the  most  pressing  needs  of  the  case: 
first,  the  discovery  of  some  substitute  for  platinum  which  would 
resist  the  corrosive  action  of  the  acids  formed  and,  second,  the  im- 
provement of  the  methods  for  closing  the  receptacle  so  that  a 
perfect  seal  could  be  secured  with  certainty  and  ease. 

With  reference  to  the  first  item,  the  development  of  a  substi- 
tute for  platinum,  the  problem  is  not  without  serious  difficulties. 
It  is  to  be  borne  in  mind  that  in  many  instances  as  with  coals 
and  similarly  constituted  substances  the  nitric  acid  resulting 
from  the  combustion  is  produced  under  the  best  possible  condi- 
tions for  promoting  a  solvent  action.  The  concentration  of  the 
acid  in  the  bomb  after  a  reaction  is  considerable.  Moreover, 
the  temperature,  at  least  for  a  short  period,  is  relatively  high  and 
the  presence  of  corroding  gases  under  high  pressure  may  con- 
tribute to  the  activity.  Again,  in  many  substances  a  high  per- 
centage of  sulphur  exists  and  this  burns  to  SO3  or  in  the  atmos- 
phere of  the  interior,  saturated  as  it  is  with  water  vapor,  to 
H2SO4.  For  example  a  very  large  part  of  the  coals  of  the  Mis- 
sissippi valley  have  a  content  of  sulphur  amounting  to  3  or  4  per 
cent  of  the  gross  weight  of  the  coal.  Indeed,  a  content  of  sulphur 
is  not  infrequently  met  with  of  five  and  even  six  per  cent.  We 
have  then  in  these  cases  of  common  occurrence  conditions  where- 
in both  sulphuric  and  nitric  acids  are  formed  and  these  of  a  rather 
concentrated  character.  One  of  the  common  methods  for  counter- 
acting the  action  of  the  acids  is  by  use  of  some  sort  of  resistant 
covering.  As  will  be  seen  later  the  method  devised  for  closing 
the  bomb  involves  the  machining  of  the  parts  to  dimensions 
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accurate  within  1/50  of  a  millimeter.  This  feature,  therefore, 
would  make  it  impracticable  to  make  use  of  an  enamel  as  a  pro- 
tective covering.  This  expedient  is  also  found,  in  practice,  to 
be  objectionable,  owing  to  the  frequent  ruptures  that  are  certain 
to  occur  in  the  enameled  surface,  thereby  admitting  the  acid  to 
the  metal  beneath.  So  far  as  a  platinum  hning  is  concerned  in 
the  device  contemplated,  and  this  was  given  an  extended  trial, 
the  difhculties  were  as  follows:  First  the  cost  of  platinum, 
representing  at  the  current  prices  approximately  $400  per  bomb, 
made  the  use  of  that  metal  prohibitive,  especially  where  a  con- 
siderable number  of  bombs  were  desired  such  as  for  use  with 
large  classes.  Second,  the  method  of  closing  the  bomb  called  for 
an  exact  relationship  as  to  dimensions,  and,  as  in  the  case  of 
enameHng,  this  could  not  easily  be  secured  or  maintained  with 
an  inner  shell  or  lining.  Moreover,  the  device  to  be  employed 
for  the  inlet  valve  was  such  as  to  make  it  a  very  difficult  problem 
of  construction  to  make  use  of  a  second  metal  in  that  part  of  the 
apparatus.  Third,  the  inevitable  corrosion  which  sooner  or  later 
begins  under  the  platinum  shell  roughens  the  surfaces,  especially 
those  coming  in  contact  with  the  gasket.  In  time  the  entire  sur- 
face under  the  platinum  is  affected  and  the  water  equivalent  as 
well  as  the  strength  of  the  bomb  is  modified.  These  reasons  alone, 
even  if  there  were  no  others,  are  quite  sufficient  for  indicating 
that  the  bomb,  if  made  at  all  in  conformity  with  the  design  con- 
templated, should  be  made  of  a  metal  capable  of  being  machined 
to  exact  dimensions  and  in  conformity  with  a  desired  pattern. 

For  this  purpose,  therefore,  a  study  of  alloys  was  undertaken 
with  a  view  to  determining  if  one  could  be  devised  sufficiently 
resistant  to  acid  to  effectually  replace  platinum,  and  that  at  a 
cost  in  the  massive  form  necessary  to  easily  compete  with  that 
metal.  It  must  be  possible,  moreover,  to  either  cast  or  stamp 
the  metal  into  proper  form  suitable  for  machining  into  the  final 
and  exact  shapes  desired.  The  alloy  finally  developed  has  proved 
to  be  eminently  satisfactory  as  far  as  its  acid-resisting  proper- 
ties and  strength  are  concerned.  It  is  complex  in  composition, 
having  as  the  chief  components,  nickel,  copper,  tungsten  and 
chromium  with  smaller  and  more  or  less  adventitious  amounts 
of  manganese,  aluminum,  titanium,  boron  and  siUcon.     The  de- 
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tails  of  composition  and  properties  of  the  alloy  as  finally  adopted 
are  presented  under  another  title.^  Concerning  the  securing  of 
this  material  in  forms  suitable  for  machining  to  the  desired  pat- 
terns, only  the  method  of  melting  and  casting  has  so  far  been 
undertaken.  The  difficulty  of  securing  perfect  castings  has  seemed 
at  times  almost  insurmountable.  This  is  due  to  the  fact  that 
the  melting  point  of  the  alloy  is  relatively  high,  approximately 
1300°  and  at  the  point  of  solidification  the  shrinkage  is  so  great 
that  cracks  or  flaws  are  opened  up  which  render  the  casting  unfit 
for  use.  Again  the  occlusion  of  gases  at  the  high  melting  tem- 
perature is  great  and  pin  holes  are  apt  to  be  a  source  of  much 
annoyance.  The  overcoming  of  these  difficulties  is  however  a 
mechanical  rather  than  a  chemical  problem  and  need  not  be 
entered  into  here. 

That  the  material  may  fairly  be  considered  a  substitute  for 
platinum  in  the  service  here  described  is  shown  in  the  article 
above  referred  to  wherein  is  given  a  table  of  solubility  tests. 
Also  in  another  article  accompanying  this  discussion^  data  are 
given  upon  a  bomb  of  this  new  material  in  practical  operation, 
which  indicate  that  the  alloy  is  entirely  suited  for  use  in  the 
manner  described. 

The  second  improvement  sought  for  relates  to  the  method 
of  closing  the  receptacle.  The  difficulties  attending  the  use  of 
lead  gaskets  relate  chiefly  to  the  stress  and  strain  required  to 
secure  a  perfect  seal.  Other  objections  relate  to  the  chemi- 
cal action  upon  the  lead,  and  to  the  pitting  or  corrosion  of  the 
needle  vale  or  seat,  making  it  necessary  to  frequently  reseat 
or  repoint  the  valve  parts.  The  substitution  of  rubber  for  lead 
is  found  to  be  entirely  practicable  if  the  conditions  under  which 
it  is  used  are  such  that  flame  or  any  of  the  processes  of  combustion 
are  not  allowed  to  come  in  contact  with  the  rubber.  This  is  easily 
accomplished  by  interposing  between  the  rubber  gasket  and  the 
inner  chamber  a  shoulder  of  massive  rhetal  so  constructed  that 
the  cross  section  of  the  space  between  the  two  metallic  parts 
is  so  small,  say  1/25  of  a  millimeter,  and  the  longitudinal  measure- 

i"A  New  Alloy  with  Acid  Resisting  Properties"  by  S.  W.  Parr,  Inorganic 
Section  (Sec.  II)  this  Congress. 

2" Some  Tests  on  a  New  Calorimeter  Bomb"  by  Richard  H.  Jesse,  Jr.,  Sec- 
tion I  this  Congress. 
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ment  of  the  space,  that  is  the  distance  from  the  rubber  to  the 
inner  chamber,  is  so  great,  say  IJ  or  2  millimeters,  that  the 
combustion  processes  may  not  travel  along  so  narrow  a  passage 
and  therefore  do  not  come  in  contact  with  the  rubber  gasket. 
This  principle  is  carried  out  in  closing  the  main  opening  of  the 
bomb  and  also  in  closing  the  valve  through  which  oxygen  is  ad- 
mitted.    This  will  be  made  clear  by  reference  to  a  sketch. 

In  figure  1,  B.  B.  are  the  walls  of  the  bomb  which  enclose  the 
space  0.    The  cover  C  is  made  with  an  encircling  rim  R  which 


Figure  1 

retains  the  rubber  gasket  G.  The  cover  is  so  made  that  a  shoul- 
der S.  S.  passes  the  wall  of  the  bomb  as  it  comes  up  to  position 
against  the  gasket.  The  machining  of  the  parts  is  such  that  the 
space  between  the  shoulder  and  the  wall  is  about  1/25  mm. 
Moreover  the  distance  from  the  lower  edge  of  the  shoulder  to 
the  gasket  is  about  2  mm.  This  is  increased  slightly  by  the 
pressure  of  the  cover  upon  the  gasket  when  the  screw  cap  is 
brought  down  upon  it.  Conditions  are  thus  secured  which  pre- 
vent the  traveling  of  flame  or  any  of  the  processes  of  combustion 


Fiffure  2.     A  New  Calorimeter  Bomb. 


Figure  3.     A  New  ('al(ihimktkk  Bomb. 


Figure  4.     A  New  Calorimeter  Bomb. 
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from  the  combustion  chamber  0  to  the  rubber  gasket  G.  The 
same  principle  is  observed  in  the  arrangements  for  the  inlet  valve 
V.  The  small  gasket  g  is  protected  from  the  reactions  or  heat 
of  the  combustion  chamber  by  narrow  passages  between  metal 
walls.  In  this  manner  it  is  entirely  possible  to  secure  a  perfect 
seal  with  a  minimum  amount  of  compression,  by  use  of  rubber 
gaskets  and  this  without  any  burning  whatever  of  the  rubber. 

A  word  further  as  to  convenience  of  operation.  The  valve  V 
works  automatically  thus  — The  valve  is  held  lightly  in  place 
by  the  springs,  but  upon  the  admission  of  the  oxygen  above  the 
valve  it  is  forced  downward  admitting  the  gas  to  the  chamber  0. 
When  the  proper  amount  is  admitted,  say  25  atmospheres,  the 
oxygen  supply  is  shut  off  and  immediately  the  valve  is  lifted  into 
place  by  the  spring.  The  strong  pressure  from  within  tends  to 
seat  the  valve  more  firmly  in  place.  After  an  extended  experi- 
ence with  this  type  of  valve,  involving  numerous  modifications, 
the  present  form  shown  herewith  has  been  found  to  be  exceed- 
ingly effective  and  satisfactory.  Thumb  pressure  on  the  top  of 
the  stem  is  found  sufficient  for  releasing  the  gas  at  the  close  of 
an  experiment.  The  most  striking  characteristic,  however,  in  the 
manipulation  of  the  bomb  is  the  ease  with  which  the  cover  may 
be  fastened  to  withstand  the  necessary  pressure  without  leakage. 
As  may  be  seen  in  the  accompanying  illustrations  a  simple  oc- 
tagon plate  is  set  into  the  table  or  shelf  and  an  octagon  wrench 
about  50  cm.  long  affords  ample  leverage  for  screwing  down  the 
cap  and  seating  the  cover.  The  expenditure  of  a  great  amount 
of  force  in  this  part  of  the  procedure  is  quite  eliminated.  The 
ease  and  readiness  with  which  a  perfect  seal  can  thus  be  obtained 
have  done  much  to  revolutionize  the  work  of  operating  a  calorim- 
eter of  the  oxygen  bomb  type. 

Figure  2  shows  the  cover  and  screw  cap  removed  from  the  bomb. 
The  small  parts  at  the  base  of  the  bomb  are  couplings  for  oxygen 
connection  at  the  top  of  the  cover. 

Figure  3  shows  the  bomb  with  the  parts  assembled  with  the 
octagon  holder  and  wrench  for  setting  the  screw  cap. 

Figure  4  shows  the  shelf  fittings  and  connection  with  the  oxy- 
gen tank.  The  shelf  is  hinged  at  the  left-hand  edge.  It  may  be 
unfastened  at  the  right-hand  edge  and  lifted  for  the  removal  of 
the  tank  when  it  is  required  to  renew  the  supply  of  oxygen. 


SUR  L' ANALYSE  DE  L"' OLEUM" 

Par  le  Dr.  J.  Prats 

Professeur  a  VEcole  Industriel  et  d' Ingenieurs  Textiles  d,  Tarrasa- 

Barcelona  {Espagne) 

Les  precedes  les  plus  suivis  aujourd'hui  pour  I'analyse  de 
r"  Oleum, "  ouacide  sulfurique  fumant,  sont  ceuxde  Lunge-ReyS 
de  TreadwelP  et  de  Vernon^. 

J'emploie  aussi  ces  proeedes  fond^s  en  la  volumetrie  du  SO3 
avec  la  solution  normal  de  NaOH,  mais  j'  y  fais  quelques  modi- 
fications a  fin  de  pouvoir  determiner  rapidement,  avec  les  donnees 
de  r  analyse,  le  SO4H2  %  et  le  S03%  libre,  qu'est  ce  dont  on  a 
besoin  dans  la  pratique. 

On  pese  dans  une  petite  ampoule  a  verre  une  quantite  s  de 
I'oleum  qu'onva  analyser;  ouledissous  dans  I'eau  jusqu'a  former 
1  litre  et  Ton  fait  deux  volumetries. 

lere.  On  prend  250  cc.  et  on  dose  avec  une  solution  normal 
(ou  deci-ou  quint-normal)  de  soude  caustique,  NaOH,  en  em- 
ployant  le  methylorange  pour  indicateur: 

1  cc.  NaOH  normal  =  0,040  g.  de  NaOH 

=  ^mol.  S03  =  0,040  g.SOa 
=  lmol.  S02  =  0,064  g.SOz 

de  sorte  que  la  NaOH  depens^e  s'est  employee  k  neutraliser  le 
SO3  et  le  SO  2  et  pourtant  faut  il  determiner  celui-ci  a  nouveau 
pour  en  avoir  le  premier.     Pour  ga  ou  fait  la  volumetrie. 

2e.  On  prend  autres  250  cc.  et  on  dose  avec  une  solution 
deci-normal  de  iode : 

1  cc.  sol.  -  de  12  =  0,0032  g.  de  SO2 
10 

0,0032=^0,064 
20 

'Vademecum  du  fabricant  de  produits  chimiques  par  Lunge  —  pag.  192. 
'Analytieche  Chemie  par  Treadwell  II,  pag.  406. 
'Chemiker  Zeitung  —  a.  1910  —  pag.  792. 
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Soient  done: 

ra  =  nombre  de  cc.  de  la  premiere  volumetrie 
J  6  =  nombre  de  cc.  de  la  deuxieme  volumetrie 

I  .  S 

s  =  le  poids  de  1'  oleum;  —  pour  chaque  essaie. 

De  la  valeur  d'  a  faut  il  vester  la  NaOH  consommee  pour  neu- 
traliser  le  SO2  dont  la  valeur  vient  donnee  par  b. 

quantity  SO2  =  0,0032.b  =  — 0,064.  b. 

20 

mais    comment    0,064  SO2  equivalent    a  0,040.SO3,  c'est  a  dire 
1  cc.  solution  NaOH,  nous  aurons: 

quantite  SO3  =  0,040.a-  —  0,040b  = 
20 


=  0,04  (a-—) 
V       20/ 


c 
Ces  quantit^s  sont  referees  au  poids-;  pour  le  poids  100,  elles 

4 


seront : 


-:0,04(a-— )=100:r 
4  V       20/ 


c'est  a  dire: 


, -:0,0032.b=100:t 
14 


SO3  total  %  =  r  = 
SO2  total  %  =  t  = 


V      20/ 


0,32.b     l,28.b 


4  (20.a-b) 
5s 


H2O  total  %  =  u  =  100-(r+t)  =  100- 

=  100- 


80.u  +  2,4.b 
5^ 
16.a+0,48.b 
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Mais  pourvu  que  80  de  SO3  se  combinent  avec  18  d'  eau  ou  1 
d'eau  avec  ft  =  4,44  de  SO3,  en  multipliant  la  quantity  d'eau  par 
4,44  nous  aurons  le  SO3  que  forme  SO4H2,  ou  SO3  combine,  et  le 
SO3  restant  sera  SO3  libre. 

quantity  de  SO3  combing  =  4,44.u 

Pourtant  la  composition  definitive  de  I'acide  en  SO3  libre  %  et 
SO4H2  %,  que  c'est  la  forme  la  plus  generalment  usit^e,  sera: 


■sOA%  =  u  +  4,44.u  =  5,44.u  =  t9(l00-l^:^^') 
SO3%libre  =  7-4,44.u  =  r-10u  =  i(li?:^_100o) 

S02%  libre  =  t 


9  V         s 
l,28.b 


Ces  formules  sont  d'application  plus  simple  que  celles  de 
Vernon  et  au  surplus  on  a  compte  du  SO2  %,  ce  qui  donne  une 
plus  grande  precision  aux  analyses. 

Pour  comprobation  doit  se  verifier  et,  en  effet,  ou  verifie : 
S04H2%+S03%  libre+S02%  =  100 


I 


100 


^49  / 
~  9    \ 


80.a+2,4.b\  ,  4  /196.a+3b 


100 
9   V  5s         /     9 


)+!  (1^5:^+^-1000) 


+ 


l,28.b 


Dans  le  cas,  trSs  frequent,  d'etre  b  =  0,  les  anterieures   formules 
se  transforment  en  les  suivantes: 


i 


I  9    \  s  / 

S03%  libre  =  i   (l?5:^-100o) 


9    V     s 
dont  la  somme  est  aussi  6gal  k  100. 
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On  peut  modifier  tres  simplement  ces  formules  dans  le  cas  oil 

Ton    emploie    pour  la  premiere  volumetric  une  solution    deci- 

normal  ou  quint-normal  de  NaOH. 

N 
Pour  la  solution  — ,  on  a : 
10 

r      0,8  (2a- b) 


r  = 


u  =  100- 


l,6.a  +  0,48.b 


1       1  .•       N 
et  pour  la  solution  — ,  on  a: 


f       0,8  (4a -b) 

r  = ^ 


u  =  100- 


3,2.a+0,48.b 


CONTRIBUTION    A    L'ETUDE  DES   FORMULES    POUR 
L'OBTENTION  D'UN  ACIDE  SULFURIQUE 
FUMANT  DE  RICHESSE  CONNUE  EN  SO3 

Par  le  Dr.  J.  Prats 

Professeur  a  I'Ecole  Industriel  et  d' Ingenieurs  Textiles  a  Tarrasa- 

Barcelona  (Espagne) 

J'ai  donne  dans  le  ''Chemiker  Zeitung"^  des  formules  pour  la 
preparation  d'un  acide  sulfurique  fumant  de  richesse  connue  en 
substitution  de  la  formule  de  Guehm.  Ces  formules  ont  6te 
reproduites  en  maintes  Revues  scientifiques  et  diverses  ouvrages^ 
et  je  veux  insister  sur  elles  en  determinant  I'erreur  commis  quand 
on  emploie  mes  formules  abregees  et  en  donnant  des  graphiques 
pour  le  plus  rapide  calcul  des  quantites  a  determiner. 

Mes  formules  exactes  sont : 

9.h  +  40  (100 -s)  ,,. 

x  =  a. ; (1) 

.  9.k  +  40  (100-s) 

1  9  (k-h) .„. 

y=a.  — x=a. ; (2) 

[  9k+40  (100-s) 

ou  representent : 

ra  =  quantite  d'acide  fumant  a  preparer,  avec  h  %  de  SO3  libre 

j  x  =  poids  d'acide  fumant  a  melanger,  avec  k  %  de  SO3  libre 

|2/  =  poids    d'acide     sulfurique     ordinaire,    a    melanger    avec 

I        V  anterieur,  avec  s  %  de  SO4H2. 

Et  mes  formules  abregees  quand  on  emploie  (cas  courant)  acide 
ordinaire  de  QQ^  B6,  sont: 

r  h  +  20     ._, 

x=a. (3) 

k+20 

y=  a. (4; 

L"^        k+20 

•-a.— 1910.— pag.  264. 

^H.  Wichelhaus.  —  Sulfurieren,  alkalischmelze  der  sulfosauren,  sterifizieren. 
—  pag.  59  a.  1911 ;  et  d'autre. 

399 


400  Original  Communications:  Eighth  Interruitional         [vol. 


\- 


^""!F9 


•x*^ 


J  i  !» 


i]  Congreifi  of  Applied  Chemistry  4.01 

dont  la  simplicite  est  e'V'idente  et  au  surplus  elles   n'ont   besoin, 
comme  celles  de  Guehm,  des  secours  de  tables. 

Erreur. —  Verreur    absolu    qu'on    commet    en  appUquant  ces 
formules  abregees  est: 

/h  +  20_9h+40X4,4\_     /h+20    9h+176\ 

vk+20    9k-^40X4,4/  ~  ^  Vk  -  20    9k+ 176/ 

4^k-h) 

~^'(k+20)(9k+176) 

Cette  fonction  ne  presente  pas  maximum  ni  minimum  puisque 

la    derivee   parciel    i=  (k  +  20)(9k+176)  ^"  ^""^  pa^etrezero 
pour  aucune  valeur  fini  de  k.     La  plus  petite  valeur  (non  le  mini- 
mum) de  e  correspondra  quand  la  difference  (k-h)   soit  la  plus 
petite  possible  avec  k  positif . 
L'  erreur  relatif  est : 

4rk-h)  9h+176  4rk-h) 

E  =  a. ■ — :  a.  — 


(k-20/.9k  +  176)        9k-M76       (k+20/.9h^l76; 
Pour  determiner  la  loi  de  variation  de  cet  erreur  nous  com- 
mencerons  par  rechercher  s'il  y  a  une  valeur  maximum  ou  mini- 
mum.    Des  fonctions 

^=0       15=0 

dk  dh 

on  deduit: 

li=-20;        k=-19f 

ce  qu'indique,  puisque  h  et   /;  doivent  etre  toujours  positif s,  que 
I'erreur  n'a  mftYiTrmm=  ni  minimums. 

h-20 
Graphique  de  la  formuLe:  x  =,  _j^ 

Pour  representer  graphiquement  cette  formula  on  fait  a  =  1  et 
on  aura  -po^ir  k  =  25  ijne  ligne  qu'a^ora  par  equation 

4.5        9 
equation  d'une  droite  (a)  (voyez  la  figure  ci-jointej  dont  I'ordonnfe 

h  rorigdne  est : 
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x=  1=0,444 

9 

Pour  k  =  40,  la  droite  aura  par  equation 

x  =  —  h+  -    (b) 
60  3 

dont  rordonnee  a  I'origine  est 

x=i  =0,333 

3 

Pour  k  =  60,  la  droite  sera : 


X— h  +  -       (0 
dont  I'ordonnee  h  I'origine  est 

x=  1  =0,2 
5 

Pour  k  =  100,  la  droite  sera: 

x  = h+  -      ^^) 

120         6 

dont  I'ordonnee  k  I'origine  est 

x  =  — =  0,155 

6 

et  ainsi  de  suite  pour  les  autres  valeurs  de  k. 

Toutes  cettes  droites  qu'ont  comme  equation  general. 

x  = n  + 


k  +  20        k  +  20 

concurrent  au  meme  point  de  I'axe  des  abscises,    puisque    pour 
X  =  0,  on  a 

h=-20 
Ce  graphique  est  tres  utile  dans  les  laboratoires,  en  substitution 
des  formules,  puisqu'  il  suffit  chercher  I'ordonnee  correspondante 
au  valeur  de  I'abscise  qui  donne  la  richesse  en  8O3  de  I'acide 
fumant  qu'  on  cherche,  pour  a-oir  le  numero  dont  le  produit 
pour  a  donnera  la  quantite  qu'il  faut  aj outer  h  I'acide  sulfurique 
ordinaire  pour  obtenir  la  quantity  d'  acide  fumant  k  richesse 
donn^e  qu'  on  desire. 


THE  CONTROL  OF  TEMPERATURE  IN  THE  OPERA- 
TIONS OF  ANALYTICAL  CHEMISTRY 

By  Theodore  W.   Richards 
Harvard  University,  Cambridge,  Mass. 

The  control  of  temperature  is  a  very  important  question  in 
the  work  of  the  analytical  chemist.  The  reason  is  at  least  three- 
fold. In  the  first  place,  temperature  affects  greatly  the  speed 
of  all  chemical  reactions,  which  are  generally  accelerated,  to 
extents  varying  from  perhaps  seven  to  twelve  per  cent,  by  each 
degree's  rise  in  temperature.  In  the  second  place,  temperature 
affects  the  final  equilibrium  attained  by  many  reacting  sj^stems, 
and  therefore  influences  both  the  yield  and  the  composition  of 
the  products  dealt  with  by  the  analyst.  In  the  third  place,  ac- 
curate physical  measurements,  to  which  the  quantitative  ex- 
perimenter must  frequently  resort, — such  as  weighing  the  measure- 
ment of  the  volumes  of  gases  and  liquids,  and  the  determinations 
of  calorimetric  or  electrical  magnitudes, — demand  considerable 
control  of  temperature  if  any  accuracy  is  sought. 

Clearly  the  subject  is  too  large  for  the  brief  ten  minutes  to  be 
devoted  to  it;  but  a  few  words  may  be  able  to  point  out  the  more 
vital  features. 

Let  us  begin  with  the  control  of  temperatures  near  that  of  the 
room.  In  the  first  place,  it  is  clear  that  every  chemical  labo- 
ratory may  advantageously  have  a  thermostat  attachment  to 
its  heating  arrangements.  For  years  I  have  used  a  commercial 
contrivance  which  when  operating  properly  has  kept  my  labo- 
ratory at  20°  within  half  a  degree,  greatly  to  my  satisfaction. 
In  order  to  attain  any  such  constancy,  the  air  of  the  room  must 
be  efficiently  agitated  by  means  of  an  electric  fan;  just  as  any 
other  form  of  thermostat  should  be  adequately  stirred.  Of  course 
when  an  operation  affected  by  currents  of  air  is  undertaken, 
the  fan  must  be  temporarily  stopped. 

Entirely  within  this  room,  surrounded  by  glass  walls  and  with- 
out any  outside  windows,  is  built  a  balance-room,  which  resembles 
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a  huge  balance  case;  and  this  remains  constant  for  long  periods 
within  one  or  two-tenths  of  a  degree,  because  the  somewhat 
larger  fluctuations  of  the  outer  room  do  not  quickly  pass  through 
the  glass  walls.     The    plan  has  worked  so  excellently  that  all 
balance-rooms  in  the  new  Wolcott  Gibbs  Memorial  Laboratory 
at  Harvard  are  to  be  built  in  this  way  entirely  within  other  rooms. 
A  very  suitable,  sensitive,  and  easily  constructed  thermostat 
attachment  for  regulating  the  temperature  of  a  room  is  the  sealed 
hydrogen   manometer,   with    electrical   contact.^     This   consists 
of  a  large  sealed  bulb  containing  hydrogen,  which  gas  is  arranged 
to  support  a  column  of   mercury  having   an  electrical  contact 
at  its  upper  end, — the  affair  is  a  combination  of  a  gas-thermome- 
ter and  a  barometer.     The  rapid  heat  conduction  in  hydrogen 
makes  this  gas  especially  suitable  for  the  purpose.    We  have  used 
the  device  for  many  j'^ears  with  great  profit,  and  by  its  aid  have 
been  able  to  keep  a   cellar   laboratory,  which  is  protected  by 
double  windows,  within  1/10  degree  for  weeks  at  a  time.    The 
electrical  current,  made  and  broken  at  the  mercury  surface  in 
the  top  of  the  manometer  by  the  fluctuations  of  the  expanding 
or  contracting  hydrogen,  may  be  made  to  operate  a  relay  which 
in  turn  regulates  the  heating  apparatus,  whether  this  uses  steam, 
hot  air,  gas  or  electricity.    A  form  in  which  the  current  running 
through  the  mercury  in  the  manometer  itself  is  used  for  heating, 
has  recently  been  described^   but  I  should  be  afraid  that  this 
might  not  be  able  to  maintain  quite  as  accurate  a  constancy  as 
an  apparatus  using  a  weaker  current  in  its  regulating  manometer. 
Often  the  yet  more  accurate  regulation  of  the  temperature 
of  small  objects  is  needed;  of  course  the  Ostwald  toluene  reg- 
ulator in  a  bath  of  water  or  oil  gives  the  most  convenient  ther- 
mostat for  such  purposes.     Of  late  we  have  used,  on  account  of 
its  cleanliness  and  safety,  only  electricity  as  a  means  of  supplying 
heat  to  this  bath;  the  regulator  is  arranged  so  as  to  make  and 
break  a  feeble  electrical  circuit  which  operates  a  relay  through 
which  in  turn  runs  the  stronger  heating  current.     The  chief, 
probably  the  only,  disadvantage  of  electrical  heating  is  the  pos- 

iRegand  and  FouiUard,  Z.  wiss.  Mikroscop.,  20,  138  (1903);  also  Richards 
and  Mark,  Proc.  Am.  Acad.,  41,  119  (1905). 
^Bonsfield,  Chem.  News,  105,  13  (1912). 
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sible  leakage  of  electricity.  If  it  is  used  for  electrochemical  work, 
one  must  guard  against  stray  electromotive  forces  by  efficiently 
grounding  the  thermostat.  The  description  of  an  arrangement 
of  this  kind  making  possible  the  maintenance  of  the  temperature 
within  0.001°  or  0.002°  for  days  is  perhaps  not  out  of  place.  This 
has  been  used  at  Harvard  for  many  years;  it  was  briefly  described 
several  years  ago  and  has  been  used  independently  by  others.^ 
The  thermostat  consists  of  a  large  can  which  may  be  as  large 
as  70  centimeters  in  diameter  and  70  or  more  high.  The  can 
is  covered  on  the  outside  with  felt  and  may  have  its  surface  pro- 
tected with  oil  if  evaporation  is  to  be  prevented.  Within  this 
can  is  immersed  a  regulator  similar  in  principle  to  the  toluene 
thermostat  regulator  of  Ostwald.  The  receptacle  for  the  toluene 
is  made  with  five  large  fingers  having  walls  of  moderately  thin 
glass,  and  is  arranged  to  have  a  capacity  of  over  half  a  liter. 
The  mercury  column,  raised  and  lowered  by  the  expansion  or 
contraction  of  this  toluene,  "makes"  and  "breaks"  a  feeble 
electrical  circuit  which  governs  through  a  relay  the  stronger 
current  used  for  heating.  The  latter  current  passes  through  the 
relay  and  through  a  large  insulated  heating  coil  immersed  deeply 
in  the  water  of  the  thermostat. 

The  "making"  and  "breaking"  happen  advantageously  in 
a  somewhat  narrow  tube,  perhaps  two  millimeters  in  diameter, 
and  the  mercury  in  this  tube  should  be  protected  from  the  lab- 
oratory air  by  an  atmosphere  of  pure  hydrogen,  supplied  by  a 
very  small  automatic  hydrogen  generator  attached  to  the  ap- 
paratus. This  device  is  very  important  if  great  constancy  is 
sought;  it  constitutes  the  only  unusual  feature  of  our  apparatus. 
The  efficiency  of  this  regulator,  or  indeed  of  any  other,  as  a 
means  of  keeping  the  temperature  constant  depends  greatly  upon 
the  agitation  of  the  water  in  the  thermostat.  This  should  be 
violently  stirred  by  means  of  a  rather  powerful  motor  in  order 
to  keep  the  temperature  constant  throughout  and  to  effect  a 
rapid  exchange  of  heat  between  the  bath  and  the  toluene  reg- 
ulator. The  degree  of  agitation  usually  employed  is  entirely 
inadequate.  The  temperature  is  obviously  much  more  constant 
if  the  room  containing  the  thermostat  is  allowed  to  vary  but 

'Richards,  Carnegie  Inst.  Washington,  Pub.  56,  22  (1906);  76,  9  (1907). 
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little  in  temperature;  it  is  advantageously  kept  perhaps  a  degree 
below  the  temperature  of  the  bath.  By  running  a  thin  pipe  con- 
taining cool  water  around  the  inner  circumference  of  the  top  of 
the  bath,  compensation  for  a  higher  temperature  may  be  easily 
obtained.  If  care  is  taken  and  the  glass  toluene  receptacle  is 
sufficiently  large,  and  is  well  seasoned  so  that  it  has  assumed  a 
reasonably  constant  volume,  the  thermostat  will  keep  constant 
within  one  or  two  thousandths  of  a  degree  for  weeks. 

This  arrangement  makes  no  pretense  to  novelty  in  principle, 
but  in  efficiency  it  probably  exceeds  most  other  forms  because 
of  the  details  heeded  in  its  construction.  A  very  similar  appa- 
ratus has  been  more  recently  described  by  Hulett^;  but  he  does 
not  seem  to  have  sought  or  attained  quite  the  degree  of  precision 
which  we  have  successfully  employed. 

Very  satisfactory  thermostats  may  be  made  from  baths  filled 
with  pure  salts  in  the  act  of  transition  from  a  state  of  greater  to 
a  state  of  less  hydration.  Such  mixtures  keep  a  striking  degree 
of  constancy  for  a  long  time.  Sodium  sulphate  is  the  best  sub- 
stance for  this  purpose.  For  details  a  paper  by  K.  L.  Mark  and 
the  present  author  in  Vol.  38  of  the  Proceedings  of  the  American 
Academy  of  Arts  and  Sciences  should  be  consulted. 

The  control  of  low  temperatures  and  of  high  temperatures 
has  received  so  much  general  notice  recently  that  this  expert 
audience  needs  no  detailed  exposition  of  these  topics.  The  em- 
ployment of  pure  ice  for  maintaining  a  definite  degree  of  cool- 
ness is  known  to  every  one;  but  the  almost  equally  serviceable 
use  of  ice  mixed  with  solutions  of  definite  concentrations  for 
increasing  coolness,  is  perhaps  less  generally  recognized.- 

For  example,  ice  mixed  with  dilute  hydrochloric  acid  contain- 
ing 28.19  grams  of  hydrogen  chloride  per  liter  gives  a  perfectly 
constant  temperature  of —3.00°.^  Of  course,  if  heat  is  added,  some 
of  the  ice  melts,  the  solution  becomes  more  dilute,  and  the  tem- 
perature rises.  This,  however,  may  be  easily  prevented  by  en- 
closing the  constant-temperature  bath  by  another  bath  con- 
taining a  mixture  having  the  same  freezing  point.     If  an  air 

^Physical  Review,  32,  277  (1911). 

^This  was  suggested  by  Roloff,  Z.  phys.  Chem.,  18,  572  (1895). 

^Richards  and  Jackson,  Proc.  Am.  Acad.,  4^,  473  (1906). 
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space  (or  still  better  the  evacuated  space  of  a  Dewar  vessel) 
is  placed  between  the  two  baths,  the  inner  one  will  maintain 
an  amazing  degree  of  constancy  for  long  periods  of  time,  par- 
ticularly if  more  dissolved  substance  from  time  to  time  is  added 
to  the  outer  vessel  as  its  ice  melts.  The  lower  limits  of  the  tem- 
perature attained  in  this  way  are  of  course  the  cryohj^dric  tem- 
peratures of  the  more  soluble  substances. 

Lower  temperatures  are  customarily  obtained  by  means  of 
solid  carbon  dioxide  with  alcohol  or  ether,  and  still  lower  ones 
by  liquid  air  and  hydrogen.  By  boiling  the  liquefied  gases  under 
reduced  pressure  their  temperature-range  may  be  extended  con- 
siderably. The  details  of  working  with  these  now  familiar  sub- 
stances need  hardly  find  a  place  in  this  brief  review.  Acquaint- 
ance with  the  necessary  technique  is  becoming  more  and  more 
an  essential  part  of  the  complete  chemist's  outfit,  although  an- 
alytical operations  rarely  demand  low  temperatures. 

Turning  now  to  higher  temperatures  more  frequently  em- 
ployed by  analytical  chemists,  wide  limits  must  receive  consider- 
ation. Open  steam  baths  are  essential,  and  are  too  well  known 
to  need  discussion.  Thermostats  of  concentrated  salt  solutions 
or  oil  or  parafl&n,  or  of  fused  mixed  sodium  and  potassium  nitrate, 
may  be  used  at  fairly  high  temperatures,  if  proper  regulating 
devices  are  employed.  For  most  purposes,  however,  air  baths 
regulated  either  by  themostat-control  or  bj^  approximately 
constant  steam,  gas,  or  electrical-heating  are  more  commonly 
employed.  If  steam  under  constant  pressure  is  available,  it 
forms  a  very  usual  and  convenient  means  of  maintaining  con- 
stant temperatures  somewhat  above  100°  often  needed  in  an- 
alytical laboratories.  Gas,  or  more  recently,  electrical  heating 
is  more  commonly  used;  the  latter  has  the  great  advantage  of 
cleanliness.  Other  vapors  also,  such  as  toluene  (110°),  the  xylenes 
(140° ±),  and  aniline  (184°)  are  often  used  with  advantage. 
Air-baths  without  thermostat  attachments  are  usually  arranged 
to  maintain  only  a  certain  difference  between  the  room  temper- 
ature and  the  higher  temperature  sought.  This  is  all  very  well 
if  the  room  remains  constant  in  temperature,  but  sometimes 
laboratories  change  as  much  as  10°  or  15°  during  the  day.  and 
this  change  may  have  serious  effects  in  some  delicate  operations 
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when  it  reappears  in  the  heated  air-bath.  For  such  operations 
a  thermostat  regulation  of  the  temperature  of  the  bath  is  almost 
essential. 

The  forms  of  air-bath  which  have  been  proposed  are  countless. 
Most  of  them  lack  the  needful  requisites  of  resistance  to  corrosion 
and  therefore  of  cleanliness.  The  utensil  containing  the  substance 
to  be  heated  usually  needs  to  be  protected  by  some  form  of  shelter 
or  roof,  such  as  a  watch-glass,  to  keep  out  particles  of  impurity 
from  the  corroded  walls  of  the  oven.  This  is  altogether  unfor- 
tunate; the  air-bath  used  by  analysts  should  be  free  from  such 
defects,  therefore  it  should  be  made  of  glass  or  porcelain.^  It 
is  almost  needless  to  point  out  that  for  many  purposes  the  prod- 
ucts of  combustion  also  should  be  rigidly  excluded  from  the 
inside  of  the  oven  if  gas  is  to  be  used  as  a  source  of  heat.  More- 
over, the  air  of  the  laboratory  is  often  injurious  to  sensitive 
substances;  such  material  should  be  heated  in  boats  within  tubes, 
even  if  only  dried  at  100°.  The  well  known  "bottling  apparatus, " 
so  much  used  at  Harvard  makes  this  precaution  easy.'^ 

For  higher  temperatures  burners  of  various  shapes  are  avail- 
able, and  more  and  more  use  is  being  made  of  the  yet  greater 
possibilities  of  electrical  heating. 

Most  of  the  gas-burners  are  either  modifications  of  the  Bunsen 
burner  or  the  blast  lamp,  and  some  of  the  former,  especially  the 
Meker  burner,  have  been  made  of  such  efficiency  as  to  replace 
for  many  purposes  the  use  of  air  under  pressure.  To  obtain  a 
constant  temperature  with  these  burners,  it  is  necessary  usually 
to  attach  to  the  gas-supply  a  contrivance  for  giving  it  constant 
pressure;  otherwise  the  fluctuations  are  considerable.  It  is  need- 
less to  point  out  that  contrivances  for  preventing  radiation, 
such  as  clay  cylinders  and  other  forms  of  furnaces,  greatly  pro- 
mote the  constancy  of  temperature  attained. 

Turning  now  to  electric  heating,  we  have  not  only  the  electric 
furnace  so  much  used  in  technical  work,  but  also,  more  suitable 
for  analysts,  a  sort  of  electric  muffle,  a  porcelain  or  other  refrac- 
tory tube  wound  with  resistance  wire,  capable  of  producing  and 

^A  simple,  clean,  and  inexpensive  electric  oven  is  described  in  Am.  Chem. 
Jour.,   22,   45,    (1899). 

^See  for  example:  The  Faraday  lecture  of  1911;  Jour.  Chem.  Soc.  Trans. 
99 ,  1203  (London). 
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withstanding  the  high  temperatures  needed.  For  temperatures 
up  to  1000°  the  alloy  called  "nichrome"  works  very  well  as  the 
material  of  the  resistance  ■v\'ire;  for  higher  temperatures  plati- 
num is  necessary,  but  even  that  is  less  refractory  than  one  might 
msh.  We  have  obtained  excellent  results  with  the  type  of  fur- 
nace made  in  this  fashion  with  tubes  of  pure  silica  as  core.  The 
maintenance  of  constant  voltage  and  even  conditions  of  radia- 
tion provides  the  operator  with  a  very  fairly  constant  tempera- 
ture, which  is  most  conveniently  estimated  by  the  platinum- 
rhodium  thermopile. 

In  summing  up,  it  may  be  said  that  attention  has  been  called 
to  the  relative  advantages  and  fields  of  usefulness  of  some  of  the 
more  important  methods  of  controlling  temperatures  between 
3000°  and— 250°.  A  few  of  the  most  essential  details  of  execution 
have  been  suggested  and  emphasis  has  been  placed  upon  the 
frequent  importance  of  constancy  of  temperature  and  of  the 
exclusion  of  outside  impurity. 


THE    MEASUREMENT    OF    TEMPERATURE    IN    THE 
OPERATIONS    OF    ANALYTICAL    CHEMISTRY 

By  Theodore  W.  Richards 
Harvard  University,  Cambridge,  Mass. 

The  measurement  of  temperature  is  important  in  analytical 
work  primarily  in  those  problems  which  border  upon  physical 
chemistry.  The  approximate  knowledge  of  temperature  is  neces- 
sary in  many  processes  of  precipitation  and  other  treatment,  but 
exact  knowledge  is  demanded  chiefly  in  the  measurement  of  the 
volumes  of  either  gases  or  liquids  or  the  vapor  tension  in  the 
latter;  as,  for  example,  in  gas  or  liquid  volumetric  analysis  of  the 
determination  of  densities.  Calometric  analysis  also  demands 
very  exact  thermometry.  Moreover,  a  new  method  of  quantita- 
tive analysis  has  recently  been  suggested  in  which  the  accurate 
and  precise  estimation  of  differences  of  temperature  is  the  crucial 
point.  In  these  cases  temperature  is  so  important  that  it  must 
receive  careful  and  adequate  treatment  in  exact  analytical 
chemistry. 

The  present  paper  makes  no  attempt  to  present  an  exhaustive 
discussion  of  the  measurement  of  temperature;  its  object  is  merely 
to  make  a  few  suggestions  which  may  be  useful  to  the  anal3rtical 
chemist  unfamiliar  with  accurate  work  of  this  kind. 

As  every  one  knows,  the  measurement  of  temperature  depends 
upon  two  entirely  different  considerations;  first,  upon  a  few  satis- 
factory fixed  standards  of  reference;  and,  secondly,  upon  some 
means  of  subdividing  the  intervals  between  these  points. 

The  standards  of  reference  usually  employed,  namely,  the 
temperatures  of  freezing  and  boiling  water,  are  well  known,  but 
they  do  not  always  receive  quite  adequate  attention.  With 
regard  to  the  freezing  point,  which  is  taken  under  atmospheric 
pressure,  the  most  important  cause  of  uncertainty  is  the  possible 
impurity  in  the  water  which  must  always  surround  the  ice.  Fortu- 
nately this  difficulty  is  easily  avoided.     Water  may  be  purified 
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with  great  ease,  and  ice  is  usually  purer  than  the  water  from  which 
it  separates.  Moreover,  even  if  the  ice  is  not  perfectly  pure,  very 
good  results  may  often  be  got  by  washing  and  drenching  it  with 
pure  distilled  water,  previously  boiled  in  an  insoluble  vessel  and 
cooled  in  a  sealed  flask  to  zero.  Impurity  within  the  body  of  the 
ice,  of  course,  makes  no  difference,  and  traces  of  impurity  on  the 
surface  may  thus  be  greatly  diluted.  If  only  a  small  specimen  of 
pure  ice  is  at  hand,  it  may  be  placed  in  a  thin-walled  beaker  with 
pure  water,  and  surrounded  by  a  much  larger  vessel  of  common 
ice  and  water.  Attention  should  be  called  in  this  connection  to 
the  danger  of  dissolving  volatile  impurities  from  the  atmosphere. 
This  danger  is  much  reduced  by  filling  the  interstices  between  the 
pieces  of  the  ice  with  pure  water,  a  precaution  which  also  eliminates 
irregularities  due  to  currents  of  air.  Because  the  equilibrium 
which  establishes  the  constant  temperature  takes  place  only  on  the 
dividing  surface  between  the  solid  and  the  liquid  phases,  this 
dividing  surface  must  be  made  as  extensive  as  possible  by  the 
subdivision  of  the  solid. 

The  effects  of  usual  changes  of  atmospheric  pressure  on  the 
melting  point  of  ice  are  so  small  as  usually  to  be  negligible,  although 
larger  changes  of  pressure  cause  appreciable  changes  in  the  freez- 
ing point.  The  usual  barometric  fluctuations  plus  the  pressure 
due  to  the  supernatant  water  may  affect  the  freezing  point  by 
a  range  of  almost  0.001°,  a  quantity  which  usually  does  not  con- 
cern the  analytical  chemist,  but  may  be  of  great  importance  to 
any  one  desiring  very  accurate  temperature  measurements. 

The  boiling  point,  on  the  other  hand,  as  is  very  well-known,  is 
highly  sensitive  to  small  changes  of  pressure,  although  the  questions 
of  purity  of  material  and  lack  of  homogeneity  are  not  practical 
issues.  A  quarter  of  a  millimeter's  change  in  the  barometer 
causes  as  much  as  0.01°  change  in  the  boiling  point  —  a  matter 
which  may  become  of  serious  moment;  hence  a  very  accurate 
barometer  is  needed.  To  this  cause  of  uncertainty  is  added  another, 
the  danger  of  superheating,  which  must  always  be  guarded  against. 

The  boiling  and  melting  points  of  many  other  substances  besides 
water  are  used  to  establish  a  number  of  other  fixed  points  above 
100°  and  below  0°.  Much  the  same  considerations  apply  to  these 
substances  also,  except  that  the  greatest  difficulty  is  usually  here 
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the  presence  of  impurity.  Since  extreme  temperatures  need  not 
usually  be  precisely  known  by  the  analytical  chemist,  the  dis- 
cussion of  these  substances  may  be  omitted. 

Much  more  important  are  the  newly  used  transition  tempera- 
tures of  crystallized  salts,  which  fix  with  very  great  precision 
various  points  between  the  freezing  and  boiling  point  of  water, 
and  therefore  must  be  emphasized.  These  have  been  investigated 
chiefly  by  the  present  writer,  who  first  suggested  their  use  for  this 
purpose  in  1898.  It  has  been  shown  by  a  series  of  investigations 
that  these  points  are  fully  as  certain  as  the  two  old  long  established 
ones.  Indeed,  it  is  probable  that  the  temperature  of  the  transition 
of  sodium  sulphate,  for  example,  may  be  fixed  in  practice  more 
accurately  than  either  the  temperature  of  ice  or  that  of  steam. 
Every  chemist  knows  that  at  the  first  named  point,  32.383°, 
the  solubility  curve  of  the  common  hydrated  sodium  sulphate 
crystallized  with  10  molecules  of  water,  cuts  the  solubility  curve 
of  anhydrous  sodium  sulphate;  the  two  solutions  are  identical; 
and  the  two  kinds  of  crystals,  anhydrous  and  hydrated,  are  in 
equihbrium  with  one  another.  If  heat  is  added  to  a  mixture 
containing  both  solids  and  the  solution,  the  result  is  simply  the 
transition  of  some  of  the  hydrated  into  the  anhydrous  salt  and 
solution;  and  the  temperature  remains  absolutely  unchanged  as 
long  as  any  considerable  amount  of  hydrated  crystals  is  present. 
The  situation  is  exactly  parallel  to  the  absorption  of  heat  by  the 
melting  of  ice,  the  difference  being  that  in  the  case  of  ice  only  two 
phases  are  concerned,  whereas  in  the  case  of  the  salt  three  phases, 
the  solution,  the  hydrated  crystals,  and  the  anhydrous  crystalline 
powder  take  part  in  the  equihbrium.  This  temperature,  about 
one-third  of  the  way  up  the  Centigrade  interval,  is  a  very  con- 
venient one  for  many  purposes.  As  a  rule,  all  thermometers  in- 
tended for  the  exact  determination  of  ordinary  temperatures 
should  cover  the  range  between  0°  and  32.383°  so  as  to  be  verified 
by  means  of  these  two  points. 

Other  important  fixed  points  also  have  been  more  recently 
tested,  namely,  the  transition  of  the  deka-hydrate  of  sodium  chro- 
mate  into  hex-hydrate  and  into  tetra-hydrate.  These  two  points, 
respectively  19.525°  and  19.987°,  are  particularly  convenient  as 
being  in  the  neighborhood  of  the  usual  room-temperature.    For 
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higher  temperatures  sodium  bromide  and  manganese  sulphate, 
respectively  50.674°  and  58.09°,  are  valuable;  and  barium  hydrox- 
ide gives  an  admirable  transition  temperature  at  77.89°.^ 
Pressure  change  within  usual  limits  has  very  little  effect  on  any 
of  these  points. 

These  transition  temperatures  may  be  determined  in  the  ordi- 
nary Beckmann  freezing-point  apparatus  with  great  precision  if 
care  is  taken  as  usual  always  to  surround  the  test-tube  containing 
the  mixture  by  a  wider  tube  having  a  narrow  air  jacket,  the  outer 
tube  being  immersed  in  a  bath  kept  about  half  a  degree  above 
the  point  desired.  Of  course  great  care  must  be  taken  in  preparing 
the  salts  in  a  state  of  purity,  and  the  trouble  involved  naturally 
varies  in  difficulty  with  different  substances.  Sodium  sulphate 
is  very  easily  prepared  in  the  pure  state,  and  is  the  most  convenient 
of  all.    For  the  details  the  separate  papers  must  be  consulted. 

Even  if  these  transition  temperatures  were  no  more  precise 
than  the  two  old  fixed  points,  they  are  practically  superior  to  them 
in  two  important  respects,  for  the  purpose  of  verifying  tempera- 
tures found  by  mercury  thermometers  between  12°  and  85°.  In 
the  first  place,  at  any  point  over  this  range  some  one  of  them  is 
nearer  to  the  temperature  in  question  than  the  nearest  of  the  two 
old  fixed  points.  This  nearness  minimizes  the  effects  of  possible 
errors  in  the  calibration.  Again,  the  fact  that  with  the  aid  of  these 
new  points  the  thermometer  need  not  be  much  heated  or  cooled 
in  the  act  of  standardizing  is  by  no  means  unimportant;  for  the 
internal  structure  of  glass  is  much  upset  by  sudden  temperature 
changes,  and  the  most  elusive  errors  in  mercury  thermometers 
are  due  to  the  resulting  eccentricities  in  the  height  of  the  enclosed 
mercury  column. 

Yet  another  cause  of  superiority  over  the  boiling  point  lies  in 
the  fact  that  the  transition  temperatures  of  crystallized  salts  do 

IT.  W.  Richards,  Am.  J.  Sci.,  (4)  6,  201  (1898);  Richards  and  ChurchiU, 
Proc.  Am.  Acad.,  34,  277  (1899);  Richards  and  WeUs,  41,  435  (1906);  Ibid., 
38,  431  (1902);  Richards  and  Wrede,  Proc.  Am.  Acad.,  43,  343  (1907).  These 
five  papers  are  all  to  be  found  in  full  in  the  Zeitschr.  fiir  phys.  Che.,  the  ref- 
erences being  respectively  ^6,  690  (1898);  28,  313  (1899);  43,  465  (1903); 
61,  313  (1908).  The  work  on  manganese  chloride  was  finished  by  Dr.  Wrede 
and  one  of  us  at  the  University  of  Berlin.  The  work  on  sodium  chromate  by 
Richards  and  Kelley  will  be  found  in  Proc.  Am.  Acad.,  43,  171  (1911)  and  J. 
Am.  Chem.  Soc,  33,  847  (1911). 
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not  demand  the  use  of  a  barometer  —  the  sole  requirement  is  unim- 
peachable purity  in  the  substances  concerned. 

The  second  problem  which  confronts  any  one  who  wishes  to 
measure  temperature  accurately  is  the  subdivision  of  the  intervals 
between  these  various  fixed  points.  Everybody  knows  that  this 
is  accomphshed  by  the  precise  measurement  of  some  property  of 
a  substance  or  system  of  substances  which  possesses  a  high  and 
easily  measured  temperature  coefficient,  the  property  varying 
continuously  and  if  possible  in  a  linear  fashion  over  the  temperature 
interval  to  be  subdivided.  The  properties  usually  used  are  in 
the  first  place  the  volumes  of  mercury  or  of  hydrogen  or  air,  meas- 
ured usually  in  glass  tubes;  secondly,  the  electrical  conductivity 
of  platinum;  and  thirdly,  the  electromotive  force  of  a  multiple 
thermopile.  Each  of  these  methods  has  its  own  advantages  and 
disadvantages;  and  the  intelligent  choice  between  them  depends 
largely  upon  the  conditions  which  the  especial  problem  in  hand 
may  present.  The  hj'-drogen  gas-thermometer,  the  standard  to 
which  all  others  are  referred,  is  not  easily  used  with  exactness. 
Many  precautions  are  necessary  for  its  precise  employment. 
Therefore  the  determination  of  its  indispensable  data  is  now  left 
as  a  rule  to  the  national  bureaus  of  the  several  countries,  the 
standard  values  obtained  by  them  being  recorded  on  mercury 
thermometers  and  in  that  way  transported  from  place  to  place. 

Mercury  thermometers  in  glass  tubes,  first  proposed  about  the 
middle  of  the  seventeenth  century,  still  continue  to  be  as  a  rule 
the  most  convenient  means  of  subdividing  the  thermometer  range 
in  laboratory  work.  When  properly  made  and  intelligently  used, 
they  give  very  accurate  indications;  but  if  the  necessary  pre- 
cautions are  not  observed,  they  may  lead  to  highly  erroneous  and 
illusory  results. 

Every  one  knows  nowadays  that  the  first  precaution  to  be  ob- 
served in  using  a  mercury  thermometer  is  to  keep  the  whole 
stem  at  the  temperature  to  be  measured,  or  else,  less  satisfactorily, 
to  correct  the  reading  by  adding  to  it  a  calculated  amount  equal 
to  the  effect  of  the  contraction  of  the  mercury  in  the  protruding 
stem.  Nevertheless,  a  few  years  ago,  this  knowledge  was  not 
general,  and  many  of  the  data  concerning  solubihties  and  melting 
points  to  be  found  in  chemical  literature  are  distinctly  erroneous, 
because  of  the  oversight  of  this  precaution. 
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Another  precaution,  which  also  varies  with  the  circumstances 
of  the  particular  determination,  is  the  observation  of  the  effect 
of  pressure,  both  of  the  mercury  column  inside  and  of  the  atmos- 
phere and  supernatant  hquid  above  the  bulb  on  the  outside.  Each 
source  of  pressure  decidedly  affects  the  size  of  the  bulb  and  hence 
the  reading. 

The  zero-point  of  a  thermometer  also  changes  from  time  to 
time,  particularly  if  the  thermometer  itself  is  often  subjected  to 
widely  varying  temperatures.  If  neighboring  fixed  points  cannot 
be  employed  to  estimate  such  change,  and  ice  must  be  employed, 
the  only  safe  rule  to  heed  with  regard  to  this  error  is  to  take  the 
zero-point  immediately  after  the  reading  of  the  higher  temperature 
— the  lowest  point  recorded  by  the  thermometer  on  being  placed 
on  ice  (perhaps  two  minutes  after  the  first  immersion)  being  taken 
as  the  true  value.  This  immersion  in  ice,  if  continued  for  more 
than  a  few  minutes,  so  alters  the  glass  that  on  being  raised  again 
to  the  higher  temperature  the  instrument  will  indicate  a  slightly 
different  temperature  than  before;  and  time  is  needed  to  cause 
this  hysteresis-effect  to  disappear. 

Because  of  the  effect  of  large  temperature-changes  on  the  glass 
of  thermometers,  it  is  not  a  bad  plan  to  have  those  intended  to 
be  used  for  precise  work  over  a  short  range  (as  in  calorimetry) 
made  without  the  zero-point,  so  that  one  may  be  spared  the  temp- 
tation of  plunging  them  into  ice.  They  should  be  verified  either 
with  a  suitable  transition  temperature  or  by  means  of  standard 
thermometer. 

Besides  these  irregularities,  which  depend  upon  the  peculiar 
conditions  to  which  the  thermometer  is  subjected,  there  are  of 
course  certain  constant  corrections  to  be  applied  to  every  ther- 
mometer, which  depend  upon  inequalities  of  bore  and  the  co- 
efficient of  expansion  of  the  particular  glass  used.  These  are 
best  determined  once  for  all  at  the  Bureau  des  Poids  et  Mesures, 
the  Bureau  of  Standards,  or  the  Physikalisch-Technische  Reich- 
samstadt  where  the  needful  corrections  to  the  hydrogen  scale  will 
also  be  determined. 

One  of  the  great  difficulties  of  mercury  thermometers  is  the 
tendency  of  the  thread  to  adhere  to  the  tube,  and  therefore  with 
a  descending  thread,  to  give  incorrect  readings.     Even  fairly 
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energetic  tapping  is  often  insufficient  to  dislodge  the  column; 
therefore  it  proceeds  in  its  downward  course  by  jerks,  obviously 
failing  to  give  trustworthy  indications  of  the  temperature.  For 
this  reason  thermometers  should  always  be  read  when  the  thread 
is  very  slowly  rising  or  in  a  stationary  position  approached  from 
a  low  temperature.  In  this  case,  if  the  bore  is  clean,  the  pressure 
of  the  expanding  mercury  is  enough  to  cause  a  perfectly  even  rise 
and  a  perfectly  definite  indication.  Unfortunately  the  bore  often 
is  not  perfectly  clean,  and  even  with  a  rising  thread,  some  ther- 
mometers show  inequalities.  Several  recent  instruments  for 
thermochemical  work,  which  have  been  especially  made  for  my 
use,  seem  to  be  entirely  free  from  impurity  in  the  mercury  column; 
and  a  brief  description  of  them  is  perhaps  worth  while.  Each  ther- 
mometer was  sealed,  with  an  intervening  receptacle,  to  the  mer- 
cury still.  The  mercury  was  first  distilled  in  hydrogen  into  the 
receptacle,  the  apparatus  exhausted,  and  the  mercury  absolutely 
free  fromx  air,  was  then  run  into  the  thermometer  bulb  and  sealed 
off  with  due  precautions.  By  wholly  excluding  oxygen  in  this 
way,  the  thermometer  seems  to  give  more  satisfactory  results. 
It  is  possible  that  an  imperceptible  film  of  an  oxide  of  mercury 
forms  on  the  surface  of  mercury  in  contact  with  the  air,  and  that 
this  is  the  cause  of  the  fact  that  the  mercury  progresses  irregularly. 
Whatever  the  cause,  the  usual  method  of  calorimetry,  in  which 
the  cooling  correction  is  determined  on  a  falling  thermometer, 
is  obviously  quite  inaccurate.  On  the  other  hand,  attention  should 
be  called  to  the  fact  that  the  thermometer  should  not  be  read 
with  a  rapidly  rising  column,  because  then  the  temperature  of 
the  mercury  in  the  bulb  will  lag  behind  that  of  the  environment. 
For  accurate  work  the  temperature  of  the  bath  being  determined 
should  not  rise  faster  than  two  or  three  thousandths  of  a  degree 
per  minute.  In  that  case  the  average  thermometer  bulb  is  very 
nearly  in  equilibrium  with  its  environment. 

The  preceding  discussion  alludes  to  the  necessity  of  tapping  the 
thermometer  before  reading  it.  This  is  essential  in  accurate  work, 
but  the  tapping  should  be  very  gentle  and  should  be  applied  at 
the  side  rather  than  vertically  on  the  top  of  the  thermometer. 
The  latter  form  of  impact  sometimes  causes  the  mercury  column 
to  jump,  and  it  may  then  remain  at  an  incorrect  altitude. 
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Carefully  executed  experiments  with  the  accurate  thermometers 
just  described,  taking  all  the  precautions  indicated,  show  that 
a  thermometer  after  being  taken  from  a  bath  of  perfectly  constant 
temperature,  cooled  three  or  four  degrees,  and  then  returned  to 
the  bath,  will  give  a  result  the  second  time  within  0.0005°  of  the 
original  indication,  if  allowance  is  made  for  the  heat  removed 
because  of  the  heat  capacity  of  the  thermometer  bulb.  That  is 
to  say,  when  due  care  is  taken  with  the  thermometric  readings, 
a  very  high  degree  of  precision  may  be  reached  by  means  of  mercury 
thermometers. 

The  comparison  of  two  thermometers  is  a  process  often  necessary 
in  accurate  thermometric  work;  it  demands  a  bath  of  nearly  con- 
stant temperature.  This  is  best  found  in  an  adiabatic  calorim- 
eter^ —  a  sort  of  submarine  immersed  in  water  in  a  large  pail. 
Within  the  watertight  sunken  vessel  is  a  can  insulated  by  an  air- 
jacket  from  its  walls.  Water  in  the  inner  can,  if  at  about  the  tem- 
perature of  the  water  in  the  outer  pail,  is  surprisingly  unchangeable 
in  temperature.  This  somewhat  complicated  apparatus  may  be 
replaced  in  ordinary  work  by  a  much  simpler  one.  Two  large 
beakers  of  a  nest,  holding  a  litre  or  more,  are  arranged  one  inside 
of  the  other,  with  cotton  wool  between  their  upper  edges.  The 
inner  is  almost  filled  with  water  covered  by  a  layer  of  non-volatile 
oil ;  and  the  Combination  is  then  almost  sunk  in  a  large  receptacle 
full  of  water,  and  properly  supported.  The  temperature  of  the 
outer  bath  may  be  easily  regulated  by  hand  so  that  the  inner 
one  remains  very  constant,  if  the  temperature  is  not  very  different 
from  that  of  the  room;  and  by  starting  with  a  temperature  some- 
what too  high  in  the  outer  bath  and  subsequently  cooling  it,  the 
thermometers  may  be  made  to  assume  their  stationary  positions 
with  a  rising  thread,  in  the  proper  manner. 

Pentane  thermometers,  for  very  low  temperatures,  and  mercury 
thermometers  (containing  nitrogen  or  carbon  dioxide  under 
pressure)  for  temperatures  up  to  550°,  are  too  well  known  to  need 
description.  Both  are  very  convenient,  and  when  properly  stand- 
ardized, with  especial  attention  to  the  protruding  steam,  both 
will  give  fairly  accurate  results,  adequate  for  many  purposes.    The 

'The  best  form  is  described  in  a  paper  by  Richards  and  Jesse,  Journ.  Am. 
Chem.  Soc,  SI,  273,  (1910). 
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more  recent  thermometers  of  fused  silica  containing  mercury  and 
gas  under  great  pressure,  for  very  high  temperatures,  are  less 
familiar  and  of  course  more  expensive. 

The  electrical  methods  of  determining  temperature  are  of  much 
less  use  to  the  chemist  than  the  glass-mercury  thermometric 
methods.  When  extraordinary  pains  is  taken  to  exclude  stray 
electromotive  forces,  there  is  no  doubt  that  very  great  sensitiveness 
to  changes  of  temperature  may  be  obtained  either  in  the  measure- 
ment of  the  electrical  resistance  of  a  pure  platinum  wire  or  in  the 
determination  of  the  electromotive  force  of  a  multiple  thermopile 
•consisting  for  example  of  copper  and  constantan.  In  order,  how- 
ever, to  get  any  sort  of  reliable  results  from  this  apparatus,  the 
experimenter  must  have  had  great  experience  with  precise  electri- 
cal measurements,  and  the  whole  apparatus  is  so  expensive  and 
so  sensitive  to  changes  of  temperature,  to  electrical  and  magnetic 
conditions,  and  to  the  injurious  fumes  only  too  often  present  in 
chemical  laboratories,  that  for  most  purposes  the  analytical  chemist 
will  do  well  to  forego  any  attempt  to  use  the  electrical  methods 
with  great  precision.  On  the  other  hand  approximate  determina- 
tions of  high  temperatures  by  means  of  the  platinum-rhodium 
thermopile  are  highly  convenient  and  of  very  great  use  to  the 
analyst,  because  he  should  have  some  idea  of  the  temperatures  at 
which  ignitions  and  other  high-temperature  operations  are  to  be 
executed.  This  instrument  can  be  purchased  in  good  condition 
and  calibrated  already  with  sufficient  accuracy  for  approximate 
work,  and  it  is  easily  verified  to  within  a  few  degrees  by  the  melting 
points  of  a  few  fixed  substances  such  as  sodium  sulphate,  etc. 

It  seems  likely  that  in  the  future  the  thermometer  will  be  used 
more  and  more  for  exact  analytical  purposes  in  methods  which 
demand  the  precise  estimation  of  comparatively  small  differences 
of  temperature  in  the  neighborhood  of  20°.  All  calorimetric  work, 
which  may  often  with  advantage  be  used  for  analytical  purposes, 
comes  under  this  head;  for  example,  the  determination  of  the 
value  of  coal  by  means  of  any  form  of  combustion  calorimeter. 
This  is  strictly  a  method  of  analysis,  and  it  determines  the  most 
essential  characteristic  of  coal;  but  the  quantitative  basis  for  the 
analysis  is  the  thermometer.  In  the  same  way  the  method  of 
analysis  just  advocated  in  a  recent  paper^  from  the  Harvard 
'Richards  and  Shipley,  Journ.  Am.  Chem.  Soc,  34,  600,  May,  1912. 
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Laboratory  depends  essentially  upon  the  precise  measurement 
of  small  intervals  of  temperature.  This  method  of  analyzing 
solutions  may  be  of  very  general  application  both  in  technical 
and  in  scientific  work.  The  method  depends  upon  noting  the 
precise  temperature  at  which  the  unknown  solution  attains  ex- 
actly the  same  density  as  a  given,  previously  calibrated  solid 
float.  This  equality  in  density  is  marked  by  the  familiar  phenom- 
enon which  we  may  call  "floating  equilibrium,"  where  the  wholly 
immersed  solid  neither  rises  nor  sinks  in  the  liquid.  When,  as 
is  usual,  the  solution  is  denser  than  the  solvent,  the  more  concen- 
trated the  solution,  the  higher  is  the  temperature  necessary  to 
reach  floating  equilibrium;  hence  each  concentration  corresponds 
to  a  definite  temperature,  and  after  a  few  points  on  the  almost 
linear  curve  connecting  the  two  variables  have  been  determined 
by  means  of  known  solutions,  all  the  intervening  ones  are  deter- 
minable by  simply  reading  the  thermometer  at  the  points  where 
floating  equilibrium  is  attained.  When  the  solution  is  less  dense 
than  the  solvent,  precisely  the  same  method  is  used,  except  that 
the  solution  must  be  cooled  instead  of  warmed  to  attain  floating 
equilibrium,  as  the  concentration  increases.  One  should  note  that 
differences  alone  are  the  subject  of  study  by  this  method;  the 
exact  density  of  none  of  the  solutions  need  be  known.  The  method 
is  indeed  more  sensitive  and  accurate  than  any  of  the  usual  methods 
of  determining  the  densities  of  liquids.  The  starting-point  in 
each  case  should  be  the  perfectly  pure  solvent,  whose  density, 
again,  need  not  be  known  and  the  float  is  calibrated  by  solutions 
of  known  concentration. 

This  new  method  of  analysis,  as  well  as  the  older  calorimetric 
method,  may  be  conveniently  carried  out  by  means  of  a  well 
calibrated  Beckmann  thermometer,  or  still  better  by  means  of  a 
thermometer  with  a  scale  only  covering  a  range  through  perhaps 
15°  to  21°,  and  without  any  zero-point.  If  such  a  thermometer 
has  been  kept  for  a  long  time  at  nearly  constant  temperature,  its 
readings  become  extraordinarily  trustworthy,  and  it  serves  with 
great  advantage  for  the  purpose  under  discussion. 

In  brief,  this  paper  has  attempted  to  give  in  a  few  words  a  state- 
ment of  the  most  convenient  methods  for  determining  temperature 
suitable  for  work  in  analytical  chemistry.    The  mercury  thermom- 
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eter,  carefully  constructed  and  calibrated,  and  used  with  proper 
precautions,  has  been  advocated  as  the  most  convenient  means 
at  the  disposal  of  the  analyst;  and  a  method  of  making  very  satis- 
factory mercury  thermometers  is  briefly  described.  Further  the 
wide  application  of  the  thermometer  in  several  forms  of  analytical 
work  has  been  emphasized. 


NEPHELOMETRY 

By  Theodore  W.  Richards 
Harvard  University,  Cambridge,  Mass. 

The  nephelometer  is  a  simple  and  generally  applicable  piece 
of  apparatus  for  estimating  traces  of  suspended  precipitates  in 
liquids.  The  determination  is  effected  by  measuring  the  bright- 
ness of  the  light  reflected  by  the  suspended  particles;  from  the 
amount  of  this  reflected  light,  the  weight  of  suspended  material 
may  be  inferred  with  considerable  accuracy,  provided  that  the 
proper  precautions  are  taken  concerning  the  standard  of  refer- 
ence. The  device  is  a  great  convenience  for  finding  exceedingly 
small  quantities  of  material  too  finely  divided  to  be  collected  upon 
a  filter  and  determined  gravimetrically.  The  name  nephelometer 
is  derived  from  the  Greek  Ve<^eX/x,  a  cloud. 

"The  construction  is  very  simple.  Two  test-tubes,  near  to- 
gether and  slightly  incHned  toward  one  another,  are  arranged 
so  as  to  be  partly  shielded  from  a  bright  source  of  light  by  sliding 
screens.  The  tubes  are  observed  from  above  through  two  thin 
prisms,  which  bring  their  images  together  and  produce  an  ap- 
pearance resembling  that  in  the  familiar  half-shadow  polarimeter. 
The  unknown  quantity  of  dissolved  substance  is  precipitated 
as  a  faint  opalescence  in  one  tube  by  means  of  suitable  reagents; 
and  a  known  amount,  treated  in  exactly  the  same  way,  is  pre- 
pared in  the  other.  Each  precipitate  reflects  the  fight;  the  tubes 
appear  faintly  luminous.  If  the  tubes  show  like  tints  to  the  eye 
when  the  screens  are  similarly  placed,  the  precipitates  may  be 
presumed  to  be  equal  in  amount.  In  case  of  inequality  of  ap- 
pearance the  changed  positions  of  the  screens  necessary  to  pro- 
duce equality  of  tint  give  a  fairly  accurate  guide  as  to  the  rela- 
tive quantities  of  precipitate  in  the  two  tubes.  Traces  of  sub- 
stance, which  are  too  attenuated  to  be  caught  on  any  ordinary 
filter,  may  thus  be  estimated."^ 

'Richards,  "Faraday  Lecture, "  J.  Chem.  Soc.  Trans.,  99,  1206  (1912). 
The  original  pubheations  are  to  be  found  as  follows:  Zeitsch.  anorg.  Chem., 
8,  269  (1895);  Richards  and  Wells,  Amer.  Chem.  J.,  31,  235  (1904);  Richards, 
ibid,  36,  510  (1906). 
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The  two  test-tubes  are  lighted  by  nearly  horizontal  rays  from 
a  powerful  electric  light  at  least  one-half  meter  distant.  The  tubes 
should  be  protected  from  its  heat  by  a  suitable  transparent  screen. 

The  arrangement  of  the  apparatus  is  described  in  full  in  papers 
published  in  the  American  Chemical  Journal  for  1904  and  1906, 
volume  31,  p.  235  and  volume  35,  p.  510. 

The  apparatus  has  been  thoroughly  tested  by  comparing  with 
its  aid  solutions  containing  known  amounts  of  various  precipi- 
tates, especially  freshly  precipitated  argentic  chloride  in  suspen- 
sion. Its  efficiency  is  most  easily  seen  in  series  of  results  where 
portions  of  the  same  opalescent  liquid  are  placed  in  the  two  tubes 
for  comparison. 

The  following  table  gives  actual  successive  readings  obtained 
in  this  way,  the  first  vertical  row  of  figures  giving  the  length  of 
one  column  of  liquid  exposed  to  the  light,  and  the  second  that  of 
the  other.  The  last  vertical  row  records  the  ratios  of  the  figures 
in  the  two  preceding,  which  in  this  case  should  be  exactly  1.00. 

Comparison  op  Similar  Solutions 

Heights  of  Equal  Intensity- 
Tube  a 

53 
53 
53 

77 
34 
67 


ube  b 

Ratio =-r 
b 

56 

0.95 

51 

1.04 

54 

0.98 

77 

1.00 

34 

1.00 

64 

1.05 

Average 

1.003 

Theoretical 

1.000 

Error 

0.003 

The  close  agreement  of  the  average  with  the  theoretical  value 
shows  the  absence  of  any  constant  error  greater  than  0.5  per  cent 
in  the  combination  of  the  effects  of  the  prisms,  the  tubes,  the 
lighting,  or  the  scale.  Evidently,  too,  the  length  of  tube  exposed 
to  the  light  makes  no  difference;  but,  nevertheless,  in  practice, 
settings  were  usually  made  at  several  different  heights.  The 
actual  error  (0.3  per  cent)  of  the  mean  of  the  six  settings  corre- 
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sponds  to  only  0.0001  milligram  of  argentic  chloride  and  the  max- 
imum deviation  (5  per  cent)  of  a  single  observation  from  the 
true  value  corresponds  to  0.0015  milligram.  Thus  the  instru- 
ment is  capable  of  a  considerable  degree  of  accuracy. 

As  an  example  of  the  details  of  experimentation,  it  is  worth 
while  to  describe  two  typical  experiments  which  had  as  their 
object  the  discovery  of  the  concentration  of  certain  very  dilute 
solutions  of  silver  nitrate  by  means  of  the  nephelometer.  In 
each  case  10  milliliters  (cubic  centimeters)  of  the  solution  to  be 
analyzed  were  placed  in  one  of  the  nephelometer  test-tubes, 
which  was  then  almost  filled  with  pure  water,  and  a  definite 
amount  of  hydrochloric  acid  added.  For  the  purpose  of  com- 
parison small  known  amounts  of  a  standard  solution  of  silver 
nitrate  containing  5  milligrams  of  silver  per  liter  were  made  up 
to  the  same  volume  and  treated  in  the  same  way.  In  the  first 
experiments  too  little  of  the  standard  solution  was  used;  hence, 
to  procure  quality  in  the  semicircular  images  viewed  through 
the  eyepiece,  more  of  this  tube  had  to  be  exposed  to  the  light  than 
of  the  tube  containing  the  unknown  solution.  For  the  sub- 
sequent comparison  24  per  cent  (as  indicated  by  the  first  trial) 
more  of  the  standard  solution  was  employed,  and  then  the  images 
after  precipitation  appeared  almost  exactly  equal.  This  is  shown 
in  the  column  giving  the  ratio  of  the  scale  readings  below. 
The  table  contains  the  experimental  data  and  the  results.  Each 
value  given  for  the  ratio  of  the  scale-readings  is  the  average 
of  many  trials.  In  the  second  experiment  these  trials  gave  val- 
ues ranging  between  0.96  and  1.04,  the  average  being  0.99+ . 

Volume  of            Volume  of          Ratio  of  the  Scale  Silver  per 

Standard               Solution  p     j-       _  Standard  liter  found 

Solution  to  be  Analyzed  ^^^'^^"^^~  Unknown  MiUigrams 
Milliliters             Milliliters 


Exp.  1 
Exp.  2 


10.00 
12.40 


10.00 
10.00 


1.24 
0.99 


6.2 
6.1 

6.1 


This  was  within  one  per  cent  of  the  actual  concentration. 

These   results   illustrate    sufficiently   the    degree   of   accuracy 
which  may  be  easily  obtained,  as  well  as  the  best  method  of 
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proceeding.  The  first  comparison  is  made  with  solutions  only 
approximately  equal,  and  the  succeeding  observations  are  made 
upon  tubes  containing  quantities  of  substance,  computed  from 
the  first  trial,  which  are  much  more  nearly  equal.  In  this  way  the 
greatest  accuracy  may  be  reached. 

The  utmost  care  must  be  taken  to  have  the  conditions  in  every 
way  as  parallel  as  possible  in  the  two  tubes  to  be  compared. 
Time  must  be  allowed  for  the  opalescent  precipitates  to  attain 
their  full  development;  two  hours  or  more  should  usually  elapse 
between  the  precipitation  and  the  observation.  The  mechanism 
of  the  precipitation  seems  to  vary  in  different  cases;  thus  the 
precipitate  from  a  solution  of  silver  chloride  attains  its  full  de- 
velopment at  a  different  rate  from  that  of  the  precipitate  from 
sodium  chloride,  when  both  are  treated  with  excess  of  silver 
nitrate.  In  such  a  case,  equality  of  condition  may  be  attained 
by  dissolving  each  precipitate  in  ammonia  and  reprecipitating 
by  nitric  acid;  and  in  other  cases  similar  precautions  must  be 
taken. 

In  the  manipulation  the  most  scrupulous  care  must  be  taken 
to  avoid  the  introduction  of  dust,  which  usually  contains  chloride 
enough  to  affect  the  test.  Hydrochloric  acid  gas  is  also  an  in- 
sidious source  of  contamination. 

This  instrument  is  not  intended  for  determining  large  amounts 
of  substance  which  deposit  easily  from  solution;  ordinary  quan- 
titative methods  serve  much  better  in  such  cases.  Its  great 
usefulness  appears  when  one  is  required  to  determine  minute 
traces  of  precipitates  which  obstinately  refuse  to  settle,  or  to 
be  caught  by  an  ordinary  filter  or  Gooch  crucible.  It  may  be 
used  not  only  with  silver  chloride,  but  also  in  many  other  cases 
in  which  a  fine  divided  precipitate  reflects  light;  and  it  provides 
an  unusually  sensitive  means  of  detecting  very  faint  cloudiness 
in  a  liquid.  It  has  even  been  used  for  estimating  bacteria  in 
jelly.  In  every  case,  as  already  indicated,  great  care  must  be 
taken  to  have  the  standard  solution  and  unknown  solution  sub- 
jected to  precisely  the  same  conditions,  for  varying  conditions 
of  precipitation  may  lead  to  differences  in  the  appearance  of  the 
precipitate  far  greater  than  the  possible  optical  error  of  the  ap- 
paratus.    Herein  lies  the  chief  caution  to  be  noted  in  its  use;  J 
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and  for  this  reason  any  fixed  standard  of  reference,  such  as  a 
ground  glass  plate,  is  of  very  doubtful  efficacy. 

The  contents  of  this  paper  may  be  summarized  as  follows: 
An  instrument  for  the  comparison  of  opalescent  mixtures  is  de- 
scribed, which  is  able  to  detect  and  estimate  very  small  amounts 
of  suspended  precipitate.  The  chief  possibility  of  error  lies  in 
the  state  of  the  precipitated  material.  In  order  to  exclude  varia- 
tion here,  the  solution  to  be  estimated  and  the  standard  solution 
for  comparison  should  be  precipitated  in  exactly  the  same  way. 


CARACTERISATION   DE  TRACES   INFINITESIMALES 

DE  BORE  A  L'AIDE  DE  LA  TEINTURE  DE 

FLEURS  DE  MIMOSA 

Par  M.  Lucien  Robin 
Chimiste  au  Laboratoire  Municipal  de  Paris 

En  1904^  j'ai  fait  savoir  que  la  teinture  de  fleurs  de  Mimosa 
pouvait  rendre  quelques  services  en  chimie  analytique,  pour  deux 
raisons. 

1.  A  cause  de  sa  sensibilite  aux  agents  acides  et  alcalins,  ce  qui 
permet  de  I'utiliser  comme  indicateur; 

2.  Parce  qu'en  se  plagant  dans  certaines  conditions,  on  pourrait 
s'en  servir  pour  caracteriser  I'acide  borique. 

II  m'a  ete  possible  pour  cette  seconde  application,  d'augmenter 
considerablement  la  sensibilite.  Au  lieu  d'^puiser  les  fleurs  par 
une  solution  hydroalcoolique,  je  me  sers  d'alcool  pur  et  j'abandonne 
I'usage  du  papier  impregne  de  cette  teinture. 

Je  prepare  la  teinture  en  plagant  dans  un  petit  becherglass  5 
grammes  de  fleurs  de  Mimosa  soigneusement  isolees,  je  verse 
dessus  50  cent,  cubes  d'alcool  ethylique  pur  a  95°  et  je  mets  au 
bain-marie  durant  10  minutes. 

Apres  refroidissement  complet  je  filtre;  je  verse  a  nouveau  sur 
les  fleurs  40  cent,  cubes  d'alcool  que  je  decante  sur  le  filtre  pour 
joindre  a  la  premiere  portion,  et  j'exprime  avec  une  spatule,  le 
residu. 

Cette  teinture  est  conservee  dans  un  flacon  bouche  a  I'emeri 
dont  il  est  sage  de  recouvrir  le  bouchon  et  le  col,  d'une  petite 
cloche  pour  eviter  que  les  poussieres  ne  la  souillent,  et  de  prefer- 
ence on  tiendra  le  flacon  a  I'obscurite. 

Pour  faire  la  recherche  de  traces  de  Bore,  je  me  sers  de  petites 
capsules  de  porcelaine  a  fond  plat,  ayant  5  centimetres  k  peu  pres 
de  diametre;  que  je  nettoie  avec  grand  soin,  k  I'aide  d'acide  sul- 

'Comptes  Rendus  de  I'Acad^mie  dea  Sciences,  et  Annalea  de  Chimie 
Analytique. 
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furique,  puis  d'ammoniaque  et  que  je  lave  enfin  avec  de  I'eau 
distillee. 

On  doit  effectuer  toutes  les  manipulations  avec  une  proprete 
meticulause,  a  cause  de  Fextreme  sensibilite  de  la  reaction. 

En  these  generale,  on  opere  comme  si  Ton  se  servait  de  papier 
au  curcuma,  c'est-a-dire  en  evaporant  la  liqueur  rendue  tres 
legerement  chlorhydrique,  et  traitant  le  residu  par  un  alcali. 

II  est  prudent  avant  de  faire  une  recherche  de  traces  de  bore,  de 
faire  un  essai  a  blanc  dans  la  capsule  dont  on  voudra  se  servir. 

Pour  cela,  il  faut  avoir  a  sa  disposition  une  liqueur  de  sonde 
pure  a  1%  environ,  que  Ton  prepare  suivant  le  procede  classique 
c'est-a-dire  en  projetant  dans  de  I'eau  distillee,  de  petits  morceaux 
de  sodium  prealablement  essuyes  a  Taide  de  papier  de  sole  parfaite- 
ment  vierge. 

On  gardera  cette  solution  de  sonde  avec  les  precautions  deja 
citees  pour  la  teinture. 

II  est  necessaire  aussi  d'avoir  une  liqueur  d'acide  chlorhydrique 
a  5%. 

On  met  dans  la  capsule  4  a  5  gouttes  d'eau  distillee,  deux  ou 
trois  de  liqueur  sodique  2  gouttes  de  teinture  de  Mimosa,  puis 
une  goutte  ou  deux  de  solution  chlorhydrique,  pour  acidifier 
legerement  ce  qui  est  fait  quand  la  Hqueur  perd  sa  couleur  jaune. 
On  met  la  capsule  au  bain-marie  ou  au  dessicateur. 

Aussitot  que  le  residu  est  sec,  on  retire  la  capsule  et  apres 
refroidissement  le  residu  est  humecte  assez  largement  avec  de 
I'ammoniaque  au  quart;  le  residu  prendra  une  coloration  jaune 
citron  si  I'acide  borique  est  absent,  dans  le  cas  contraire  on  obser- 
vera  une  teinte  rose. 

La  capsule  sera  utilisee  ensuite  apres  un  simple  lavage  al'eau 
distillee,  si  la  reaction  a  ete  negative;  autrement  il  faudrait  de 
nouveau  la  nettoyer  a  fond. 

En  outre  de  la  coloration  rose  qui  se  developpe  sous  Taction  de 
I'ammoniaque,  on  remarque  lorsqu'il  y  a  de  I'acide  borique,  que 
le  residu  d'evaporation  a  une  couleur  d'un  jaune  brun  particulier, 
tandis  qu'elle  est  a  peine  jaune  citron  si  le  bore  est  absent. 

La  couleur  rose  se  manifeste  lorsqu'il  n'y  a  que  des  tracs 
infimes  de  Bore,  elle  tend  a  etre  d'autant  plus  rouge,  que  le  teneur 
en  Bore  est  plus  forte;  elle  est  rouge  sang  pour  quelques  centiemes 
de  milligrammes. 
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Cette  teinture  rose  ou  rouge  ne  persiste  pas,  elle  passe  aurouge 
brique  puis  au  marron. 

Sensibilite  de  la  Methode 

En  operant  avec  une  solution  d'acide  borique  pur,  on  peut 
reconnaitre  0  milligramme  0004  d'acide  borique  dilue  dans  un 
cent,  cube,  ce  qui  represente  0  milligramme  000071  de  Bore. 

Si  au  lieu  d'evaporer  au  bain-marie,  on  place  au  dessicateur 
jusqu'a  evaporation  totale,  la  coloration  est  excessivement  nette 
avec  0  milligramme  00027  d'acide  borique  soit  0  milligramme 
000048  de  Bore. 

Recherche  en  presence  des  differents  sels 

J'ai  fait  ces  essais  en  mettant  en  presence  1  goutte  des  solutions 
salmes  a  10%  et  0  milligramme  00012  de  Bore,  laissant  evaporer 
au  dessicateur  apres  addition  de  2  gouttes  de  la  solution  de  sonde 
pure,  autant  de  liqueur  chlorhydrique,  et  2  gouttes  de  teinture. 

Avec  le  nitrate  de  potasse,  la  reaction  a  ete  intense.  Avec  les 
chlorure,  bromure,  iodure  de  potassium,  ainsi  qu'avec  le  chlore  de 
baryum  il  en  a  ete  de  meme. 

Le  phosphate  de  sonde  a  gene  et  la  teinte  tout  en  etant  rose, 
I'etait  moins  qu'avec  les  autres  sels. 

Le  sulfate  de  chaux  n'apas  gene;  une  trace  d'un  fluoborate 
alcalin  a  donne  manifestement  la  reaction. 

II  m'a  ete  possible  de  caracteriser  la  presence  de  traces  de  Bore 
dans  plusieurs  echantillons  de  lait  pur. 

Pour  cela,  j'ai  evapore  dans  une  capsule  12  a  15  gouttes  de  lait, 
et  apres  avoir  calcine,  j'ai  ajoute  aux  cendres  blanches  3  ou  4 
gouttes  d'eau,  deux  de  teinture  et  2  d'acide  chlorhydrique  etendu, 
puis  fait  evaporer  au  bain-marie.  Laissant  I'evaporation  se  faire 
a  froid,  j'ai  eu  des  reactions  encore  plus  nettes. 

Une  seule  goutte  de  vin  suffit  pour  demontrer  la  presence  nor- 
male  du  Bore  avec  I'evidence  la  plus  manifeste. 

Enfin,  la  presence  d'acides  organiques  tels  que  les  acides  tar- 
trique,  citrique,  oxalique,  acetique,  ne  permet  pas  de  retrouver  des 
traces  de  Bore;  mais  il  est  facile  de  se  debarrasser  de  ces  acides  par 
calcination. 

Quant  on  a  a  chercher  des  traces  d'acides  borique  dans  des 
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cendres  dont  le  poids  est  assez  important  il  convient  de  s'y  prendre 
de  la  fagon  que  voici : 

Une  portion  de  ces  cendres  grosse  comme  une  petite  lentille  est 
mise  dans  un  verre  bien  lave  tout  d'abord,  on  delaye  cette  petite 
portion  dans  3  a  4  centimetres  cubes  d'eau  distillee,  et  on  laisse 
reposer  quelques  instants,  Trois  ou  quatre  gouttes  du  liquide 
surnageant  sont  decantees  dans  une  petite  capsule  et  additionnees 
de  deux  gouttes  de  teinture  de  Mimosa  qui  doit  colorer  ces  quelques 
gouttes  en  jaune,  an  raison  de  leur  alcalinit6  apres  acidification 
menagee  avec  I'acide  chlorhydrique  a  5%,  on  evapore.  Si  Ton 
op^re  sur  une  quantite  relativement  grosse  de  cendres,  au  lieu 
de  2  gouttes  de  teinture,  on  pent  en  mettre  3  ou  4,  pour  en  saturer 
en  quelque  sorte,  le  residu  salin. 

Je  crois  pouvoir  dire  en  terminant  que  la  sensibilite  de  la  teinture 
de  Mimosa  depasse  de  beaucoup  encore  celle  du  papier  de  curcuma. 


THE   EXTENSION    OF   POLARIMETRY   IN 
CHEMICAL  ANALYSIS 

By  Geokge  W.  Rolfe 

Sugar  Laboratory,  Massachusetts  Institute  of  Technology. 
Boston,  Mass. 

There  are  enumerated  some  seven  hundred  organic  substances 
whose  solutions  are  optically  active,  that  is  optically  active  in 
the  restricted  sense  that  they  actually  can  be  tested  on  the  polari- 
scope.  The  polariscope  is  practically  unknown  to  the  general 
analyst  except  as  a  sugar  testing  instrument,  although  many  of 
these  optically  active  substances  which  are  not  sugars  are  by 
no  means  chemical  curiosities,  but  commercially  important. 
Among  such  can  be  mentioned  tartaric  acid,  amyl  alcohol,  the 
camphors,  the  terpenes  and  their  combinations  in  the  essential 
oils,  the  majority  of  the  alkaloids  and  the  glucosides. 

Furthermore,  there  are  a  number  of  excellent  polarimetric 
methods  already  extant  which  have  been  proved  reliable  and  use- 
ful in  actual  practice.  It  would  seem  certain  that  these  would 
come  more  into  general  use  and  suggest  a  much  wider  field  of  activ- 
ity for  the  polariscope  in  general  analysis  were  the  instrument 
better  understood,  as  well  as  the  great  advantages  in  convenience, 
precision  and  rapidity  possessed  by  polarimetric  methods  more 
generally  known. 

Most  large  commercial  laboratories  are  equipped  with  a  quartz- 
wedge  saccharimeter  usually  of  the  half-  or  triple-shade  type.  It 
does  not  seem  to  be  generally  understood  that  such  instruments 
are  adaptable  to  practically  all  polarimetric  work,  enabling  the 
analyst  with  little  practice  and  experience  to  make  readings  to 
less  than  .02°  of  angular  rotation,  or  to  .05  of  a  scale  division. 
Neither  the  principles  of  optics  involved,  the  modifications  of 
manipulation  nor  the  calculations  of  results  of  polarimetric  meas- 
urements on  the  saccharimeter  are  such  as  to  deter  any  one  from 
using  it  in  general  analysis,  but  these  simple  fundamental  prin- 
ciples of  the  working  of  the  saccharimeter  must  be  understood. 
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The  quartz-wedge  saccharimeter  does  not  directly  measure  the 
angle  of  rotation  of  the  polarized  light  rays  of  one  wave-length  as 
does  the  polariscope,  but  the  rotatory  influence  of  the  optically 
active  solution  on  all  the  rays  is  balanced  or  "compensated"  for 
by  interposing  what  is  in  effect  an  oppositely  rotating  section  of 
quartz  but  of  exactly  the  same  rotating  value.  The  thickness 
of  the  quartz  section  required  to  produce  this  compensation  or 
nullifying  of  the  rotatory  effect  of  the  solution  on  all  of  the  polar- 
ized rays  is  expressed  on  a  scale  in  concentration  of  sugar,  and  gives 
directly  the  per  cent  of  sugar  in  any  sample  when  a  solution  of 
such  is  made  and  polarized  under  certain  standard  conditions. 
It  is  a  simple  matter,  however,  to  convert  the  readings  of  the  sac- 
charimeter into  angular  degrees  of  rotation  of  polarized  yellow 
light,  which  are  the  standard  polarimetric  units,  by  multiplying 
by  a  "light-factor"  which  has  been  obtained  by  direct  comparison 
of  the  reading  of  a  quartz  plate  on  the  saccharimeter  with  its 
rotation  value  obtained  on  a  polariscope.  This  value  for  the 
standard  commercial  saccharimeter  is  .3465  expressed  in  angular 
degrees  for  spectically  purified  yellow  light,  —  the  mean  of  the 
two  D-rays  of  the  spectrum  at  20°  C.  (.3458  when  compared  with 
the  Laurent  polarimeter).     Therefore,  a  =.3465  R. 

The  saccharimeter  when  made  with  the  highest  refinements  of 
optical  and  mechanical  work,  will  give  much  more  precise  measure- 
ments than  the  ordinary  conmiercial  instrument  is  capable  of. 
There  is,  moreover,  a  growing  demand  for  instruments  of  higher 
precision  owing  to  the  fact  that  solutions  of  many  optically  active 
substances  are  so  dark  colored  that  it  is  impracticable  to  make 
readings  except  at  low  concentrations  or  with  short  tubes,  owing 
to  the  strong  light  absorption.  Such  small  readings,  if  read  on  the 
ordinary  saccharimeter,  are,  of  course,  hable  to  large  error.  Dr. 
Frederick  Bates  has  designed  a  quartz-wedge  saccharimeter,  made 
by  the  firm  of  J.  and  J.  Fric,  of  Prag,  which  is  capable  of  readings 
to  within  .01  division  or  about  .0035°  and,  furthermore,  has  a 
very  effective  device  for  regulating  the  half-shade  angle  so  that 
the  field  illumination  can  be  suited  exactly  to  the  special  require- 
ments of  the  solution  for  most  precise  reading. 

The  wedges  are  enclosed  in  a  dust-proof  box  which  is  equipped 
with  a  thermometer  by  which  the  observer  can  read  their  tempera- 
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tures  at  a  glance.  The  scales  which  are  also  enclosed  are  very 
accurately  graduated  on  translucent  glass,  being  illuminated  by 
transmitted  light  much  more  effectively  than  are  those  of  the 
ordinary  type.  The  vernier  divisions,  owing  to  this  excellent 
illumination  and  high  magnification,  can  easily  be  read  by  interpo- 
lation to  .01  division. 

The  sensitizing  and  illuminating  regulator  alluded  to,  which 
has  been  worked  out  to  practical  perfection  by  Dr.  Bates,  is  an 
original  and  valuable  feature.  By  a  milled  head,  which  has  a 
graduated  dial  to  show  the  angular  position  of  the  half-shade  prism 
relative  to  the  polarizer,  the  illumination  can  be  regulated  in  an 
instant  for  maximum  effective  sensitiveness.  A  gearing  connect- 
ing analyzer  and  polarizer  automatically  keeps  the  zero  adjust- 
ment absolutely  constant,  even  correcting  for  absorption  error 
of  the  prism. 

The  polariscope  has  several  other  ingenious  devices  for  conven- 
ient and  effective  working  but  the  superiority  of  the  Bates  sac- 
charimeter  lies  mainly  in  its  greater  precision  and  adaptability 
under  all  conditions  of  polarimetry,  either  for  commercial  work  or 
scientific  research.  There  is  no  doubt  that  scientific  research  in 
polarimetry  has  been  impeded  for  want  of  instruments  which 
can  take  maximum  advantage  of  such  conditions,  and  the  Bates 
saecharimeter,  although  necessarily  elaborate  and  expensive,  will 
go  far  to  fill  such  a  want. 

There  is,  however,  a  difficulty,  due  to  rotary  dispersion,  which 
often  arises  in  such  observations  with  the  quartz-wedge  saechari- 
meter. Many  of  these  organic  solutions  do  not  rotate  the  rays  of 
different  wave-lengths  in  the  same  ratio  as  does  quartz.  Conse- 
quently, no  one  thickness  of  left  rotating  quartz  can  be  found, 
which  will  exactly  balance  the  rotatory  effect  of  the  solution  on 
all  the  rays  of  a  compound  light  from  an  ordinary  illuminant  such 
as  would  be  used  -with  the  saecharimeter.  The  effect  of  polarizing 
such  a  solution  would  be  that  there  would  appear  at  the  endpoint 
a  parti-colored  field,  irrespective  of  how  carefully  compensation 
was  attempted,  and  this  would  prevent  precise  readings. 

This  difficulty  is  not  insurmountable.  In  extreme  cases,  espe- 
cially where  great  precision  is  necessary,  sodium  light  can  be  used, 
but  usually  the  disturbing  rays  can  be  eliminated  sufficiently  by 
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means  of  colored  solutions  or  screens;  a  cell  containing  a  potassium 
bichromate  solution  is  often  used,  but  what  are  much  more  con- 
venient are  screens  made  by  coloring  gelatine  films  with  a  saturated 
alcoholic  solution  of  aurantia,  a  common  coal-tar  dye.  These 
screens  are  very  conveniently  made,  as  suggested  by  Prof.  Louis 
Derr,  by  treating  lantern-shde  photographic  plates  in  a  ''hypo" 
fixing  bath  in  the  dark,  and  then  dyeing  the  colorless  and  well- 
washed  plates  with  the  color.  The  plates  can  then  be  finished 
with  cover  slip  and  binding  like  lantern  slides.  These  screens 
cut  out  very  effectively  the  rays  of  both  ends  of  the  spectrum 
(those  of  most  unequal  dispersion),  allowing  practically  only  the 
green  and  yellow  to  pass.  Two  or  three  such  screens  can  be  used 
together  when  necessary. 

To  illustrate  the  use  of  such  screens,  the  following  actual  polar- 
ization of  a  solution  of  tartaric  acid  is  briefly  described:  20  grams 
of  pure  tartaric  acid  was  made  up  to  a  water  solution  of  100  cubic 
centimeters.  This,  when  polarized  in  a  2-decimeter  tube,  gave  a 
strongly  parti-colored  field  at  the  endpoint,  one  half  being  blue, 
the  other  red,  showing  that  the  rotary  dispersion  variation  of 
tartaric  acid  and  quartz  was  large.  The  average  of  the  readings 
was  14.70  divisions.  Two  aurantia  screens,  made  in  the  manner 
described,  were  then  used  as  light-filters,  which  made  the  uneven 
coloring  of  the  field  almost  imperceptible  and  the  reading  was 
14.35.  An  unfiltered  sodium-flame  gave  the  same  value,  14.35, 
which  agrees  well  >\dth  the  calculated  one  of  14.33.  It  is  seen  then 
that  in  the  case  of  tartaric  acid  the  dispersion  error,  which  amounts 
to  over  2%  of  the  reading  when  polarizations  are  made  with 
ordinary  light,  becomes  negligible  when  aurantia  screens  are 
used. 

For  particular  measurements  on  substances  with  a  rotary 
dispersion  on  a  curve  different  from  quartz,  Dr.  Bates  recommends 
"the  yellow-green  fine  of  the  mercury  vapor  lamp,  which  has  a 
wave-length  of  .000546  mm.  because  of  its  great  brightness  and 
the  ease  with  which  it  can  be  obtained  pure.  There  are  now  on 
the  market  several  types  of  the  so-called  monochromatic  light- 
producing  apparatus,  essentially  a  spectroscope  with  a  second 
slit  in  place  of  the  observing  eye-piece.  When  placed  between  a 
quartz  mercury-vapor  lamp  and  the  saccharimeter,  the  latter  is 
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illuminated  by  sufficient  light  to  permit  the  use  of  very  small 
half -shadow  angles  with  uniform  color  over  the  entire  field." 

It  is  advisable  that  the  saccharimeter  have  a  trough  long  enough 
to  admit  the  mounting  of  a  standard  quartz-plate  at  the  same 
time  as  a  2  dcm.  tube,  that  is,  instruments  designed  for  400  deci- 
meter tubes  are  preferable,  as  it  is  often  desirable  to  extend  the 
scale,  which  can  be  done  easily  by  insertion  of  quartz  plates. 
These  quartz  plates  are  comparatively  cheap  and  will  be  standard- 
ized by  the  Bureau  of  Standards  for  a  small  fee.  They  are  neces- 
sary in  polarizing  laevo-rotatory  substances,  two  dextro-rotatory 
plates  being  useful,  one  reading  about  50  and  another  about 
100.  Some  chemists  regularly  use  a  right-rotating  plate  in  read- 
ing invert  sugar  solutions,  preferring  for  various  reasons  to  locate 
the  readings  on  the  plus  side  of  the  scale.  The  true  reading  of  a 
left-rotating  solution  in  such  case  is  obviously  given  by  the  differ- 
ence between  the  observed  reading  and  the  value  of  the  standard 
plate.  For  instance,  —  an  inverted  sugar  solution  and  a  stand- 
ard millimeter  quartz-plate  gave  a  combined  reading  of  49.09. 
As  the  rotation  value  of  the  plate  is  62.67,  the  reading  of  the 
solution  is  — 13.58. 

Passing  over  the  matter  of  temperature  errors  which  can  be 
dealt  with  by  familiar  methods  according  to  their  specific  impor- 
tance as  determined  in  the  analysis  at  hand,  only  two  points  may 
be  mentioned:  (1)  the  advantage  of  eliminating  all  question  of 
temperature  influence  by  making  up  solutions  and  polarizing  as 
near  20°  as  possible;  (2)  that  it  is  quite  important  that  the  sac- 
charimeter itself  be  kept  at  the  standard  temperature  as  well  as 
that  the  solutions  be  made  up  and  kept  at  this  standard 
temperature. 

In  this  connection,  glass  polariscope-tubes  with  side  tubulatures 
are  recommended  as  especially  convenient,  not  only  for  inserting 
a  thermometer,  but  for  ease  in  filling  and  emptying,  as  this  can 
be  done  through  the  tubulus,  which  should  have  a  bell  mouth, 
thus  making  removal  of  the  caps  unnecessary.  Such  tubes  are 
only  surpassed  for  neat  and  rapid  polarizing  by  the  ''diffusion 
tubes,"  which  are  needlessly  complicated  except  for  large-scale 
work  where  hundreds  of  polarizations  are  to  be  made. 

Perhaps  the  most  serious  difficulty  in  developing  polarimetric 
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methods  of  testing  for  many  substances  has  been  the  complicated 
and  variable  influence  of  many  common  solvents  on  their  specific 
rotation.  As  is  well  known,  the  rotatory  effect  of  many  optically 
active  solutions  is  affected  by  the  amount  of  solvent  quite  inde- 
pendently of  its  concentration  effect  and  of  the  fact  that  the  sol- 
vent itself  is  optically  inactive.  This  influence  is  neghgible  in 
the  case  of  aqueous  sucrose  solutions,  but  is  quite  marked  in  sub- 
stances like  tartaric  acid,  camphor  and  many  of  the  alkaloids. 
Hence,  the  apparent  specific  rotation  of  such  substances  is  not  a 
constant  when  calculated  from  solutions  of  different  concentrations, 
and  a  simple  relation  between  the  reading  and  the  substance  in 
solution  does  not  exist,  such  as  is  expressed  by  the  equation 

av.     .3465  Rv   .       ^,  ^        ^  i.     •      .    x 
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appljdng  to  sucrose  and  other  substances  where  the  variation  in 
rotation  at  standard  temperature  is  due  solely  to  change  in  con- 
centration and  tube-length. 

This,  again,  is  not  an  insurmountable  difficulty,  as  this  influ- 
ence has  been  investigated  and  formulated  for  common  solvents 
of  many  optically-active  substances,  so  that  it  is  possible  to  calcu- 
late equations  which  take  this  into  consideration.  For  instance, 
the  best  solvent  for  camphor  polarization  is  benzol.  When  the 
influence  of  this  solvent  is  determined  by  plotting  the  apparent 
specific  rotation  of  the  benzol  solution  of  camphor  at  different 
concentrations  against  the  corresponding  per  cent  of  the  solvent, 
this  influence  is  expressed  as  a  straight  line  of  very  steep  slope  and 
Landolt  has  derived  from  this  the  equation: 

a  (a)^ 

W  =2.4683—  -  .91747Y 

for  the  weight  of  substance  in  100  cubic  centimeters. 

Such  calculations  are  no  more  complicated  than  those  of  many 
common  analytical  methods  and  no  more  difficult  of  comprehen- 
sion. A  practical  method  of  determining  camphor  in  celluloid 
has  been  developed  from  these  principles. 

Complicated  calculations  can  be  eliminated  in  many  cases  by 
making  the  polarizations  at  concentrations  which  vary  but  little 
from  some  standard  adopted  as  best  for  the  method  at  hand. 
Then,  the  specific  rotation  can  be  taken  as  a  constant  and  much 
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computation  saved,  since  simple  equations  analogous  to  those 
in  saccharimetry  can  then  be  used.  This  is  done  in  polarizations 
of  hydrolyzed  starch  products  which  are  made  on  solutions  at  a 
density  of  approximately  10%,  and  is  an  expedient  conmion  and 
vital  to  so  many  other  analytical  operations  as  to  require  but  little 
comment  here.  It  will  be  remembered,  for  instance,  that  all 
copper  reduction  methods  require  that  solutions  be  made  within 
very  narrow  limits  of  concentration  variation. 

In  many  cases,  an  inorganic  compound  in  solution  with  an  opti- 
cally active  substance,  has  a  marked  influence  on  the  rotation  of 
the  latter,  although  the  influencing  substance  is  itself  optically 
quite  inactive.  Sometimes  the  effect  is  to  increase  the  rotation 
enormously,  and  such  substances  have  been  found  very  useful 
where  the  optically  active  substance  to  be  polarized  has  a  feeble 
rotatory  power. 

As  an  illustration,  the  determination  of  tartrates  in  baking 
powder  and  effervescent  mixtures  as  worked  out  by  the  Kenricks 
(J.  Am.  Chem.  Soc,  26,  665)  may  be  cited.  Tartaric  acid  has  a 
comparatively  low  rotation  value,  its  specific  rotation  for  a  2.5% 
solution  being  about  14.7,  the  value  being  very  much  influenced 
by  the  solvent.  If,  however,  ammonium  molybdate  is  added 
in  proportion  of  one  mol  to  three  mols  of  tartaric  acid,  approxi- 
mately, the  rotation  of  the  acid  is  increased  nearly  sixty  times  and 
is  constant  with  considerable  variation  of  solvent.  By  this  means 
very  small  quantities  of  tartaric  acid  can  be  determined  quanti- 
tatively. Two  methods  for  the  determination  of  malic  acid  in 
sirups  and  cider  vinegars,  this  acid  being  important  as  a  criterion 
of  the  genuineness  of  these  products,  have  been  worked  out  inde- 
pendently by  Yoder  (J.  Indus.  &  Eng.  Chem.,  3,  563)  and  Dunbar 
and  Bacon  (idem,  3,  826).  In  these  methods,  uranyl  acetate  is 
used  to  increase  the  rotation  of  the  malic  acid. 

These  methods  are  mentioned  as  examples  of  some  of  the  ex- 
pedients which  are  at  the  command  of  the  analyst  in  developing 
polarimetric  methods.  If  these  and  other  hints  set  forth  in  this 
paper  prove  suggestive  to  him  for  making  a  more  extended  use  of 
his  saccharimeter  in  his  practice,  it  has  not  failed  of  its  object. 
The  writer  in  turn  wishes  to  thank  Dr.  C.  S.  Hudson  and  Dr. 
Frederick  Bates  for  helpful  advice  and  encouragement  in  pre- 
paring this  paper. 
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A  SPECIFIC  GRAVITY  BALANCE  FOR  SOLIDS 
By  a.  H.  Sabin,  Brooklyn,  N.  Y. 

The  instrument  consists  of  a  beam  A  5  of  sufficiently  rigid 
construction,  which  may  be  a  channel  beam  or  a  truss  of  some 
kind,  which  forms  the  support  of  a  rod  C  D,  and  is  supported  by  a 
pair  of  knife-edges  at  G,  one  on  either  side  of  C  D.  One  portion 
of  CD  is  a  screw  with  a  right-hand  thread,  and  a  corresponding 
opposite  portion  is  a  screw  with  a  left-hand  thread  of  the  same 
pitch ;  each  of  these  portions  carries  a  nut,  E  and  F.  By  rotating 
the  screw,  as  for  example,  by  a  milled  head  as  shown,  these  nuts 
may  be  made  to  approach  or  recede  from  the  centre  at  equal  rates. 
From  one  of  these,  as  F,  is  suspended  a  pan,  K,  and  from  the  other, 
as  E,  a  weight,  H,  which  again  carries  a  smaller  detachable  weight, 
7.  The  added  weights  of  H  and  I  equal  the  weight  of  K,  and  the 
weight  of  I  alone  equals  the  loss  of  weight  of  K  when  immersed 
in  water. 

It  is  obvious  that  in  any  position  of  the  nuts  E  and  F,  H-\-I 
will  balance  K,  and  also  that  at  any  point  H  alone  will  balance  K 
when  the  latter  is  immersed  in  water. 

If  a  weight,  for  example  ten  grams,  is  placed  on  the  beam  at  A, 
so  that  it  will  not  be  moved  by  the  rotation  of  C  D,  it  will  be 
counter-balanced  by  any  weight  greater  than  ten  grams  in  the  pan 
at  some  point  between  D  and  G;  that  is,  by  turning  C  D  and 
causing  the  pan  to  move  parallel  to  A  J5,  a  point  may  be  found 
when  it  will  balance  the  fixed  ten-gram  weight  at  A.  In  use,  both 
H  and  I  are  attached  to  E,  the  object  to  be  examined  is  put  on 
the  pan  and  brought  to  a  point  where  it  balances;  then  /  is  re- 
moved, K  and  the  substance  on  it  immersed  in  water,  the  buoyant 
effect  of  which  is  now  perceived  only  on  the  substance  under 
examination. 

If,  further,  the  beam  A  B  carry  a  movable  weight  or  rider,  it  is 
clear  that  when  this  rider  is  opposite  G,  it  wall  have  no  effect;  but 
as  it  is  moved  from  G  toward  B  it  will  tend  to  counteract  the 
buoyant  effect  of  the  water  on  a  sofid  substance,  such  as  a  piece  of 
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metal,  and  if  the  rider  is  of  a  suitable  weight,  it  may  be  so  placed 
as  to  do  this  exactly.  Suppose  this  to  be  accomplished:  if  the 
piece  of  metal  be  removed  from  the  pan,  and  another  piece  of  the 
same  metal  but  of  larger  size  substituted,  the  supporting  nuts 
E  and  F  must  be  moved  toward  G  to  make  the  instrument  balance; 
the  total  buoyant  effect  of  the  water  on  the  larger  piece  will  be 
greater,  but  will  be  exerted  with  less  leverage  as  regards  the  rider, 
so  that  the  latter  will  remain  in  the  same  place  on  the  beam.  If, 
however,  a  piece  of  another  metal  of  the  same  weight  but  different 
density  be  substituted,  the  rider  must  be  moved.  Therefore,  the 
point  at  which  the  rider  rests  on  the  beam  will  indicate  a  certain 
density  of  the  body  which  is  placed  on  K,  and  the  beam  may  be 
graduated  accordingly. 

If  the  rider,  in  the  conditions  described,  weigh  ten  grams,  if  it  is 
placed  on  the  beam  at  the  right  of  G,  a  distance  equal  to  A  G, 
and  in  that  position  the  immersed  body  is  balanced,  it  is  obvious 
that  the  latter  has  a  density  equal  to  that  of  water;  but  if  balancing 
is  effected  when  the  rider  is  opposite  G,  the  density  would  be 
infinite;  that  is,  such  a  rider  could  be  used  for  any  substance  with 
a  density  not  less  than  that  of  water.  This,  however,  would  make 
the  divisions  on  the  beam  inconveniently  short;  and  it  will  be  more 
convenient  so  to  proportion  the  rider  as  to  have  longer  scale- 
divisions,  but  a  more  restricted  range. 

How  this  may  be  done  is  best  shown  in  a  particular  case.  Sup- 
pose it  is  desired  to  be  able  to  determine  the  densities  of  alloys  of 
tin  and  lead.  Tin  has  a  density  of  7.30  and  lead  11.34;  these  will 
be  the  extremes  of  the  scale.  We  may,  therefore,  after  balancing 
the  substance  under  examination,  begin  by  attaching  to  the  ex- 
tremity B  of  the  beam  a  small  weight,  nearly  sufficient  to  counter- 
act the  buoyant  effect  of  water  on  tin;  let  this  counterweight  be 
1.11  grams,  and  let  the  rider  be  270  milligrams;  when  this  rider 
is  also  at  B,  it  will  correspond  to  a  density  of  7.25,  but  when  it  is 
at  A  it  will  correspond  to  a  density  of  11.9,  thus  giving  a  small 
range  each  side  of  the  desired  Hmits.  It  is  obvious  that,  after 
balancing  the  substance  under  examination,  instead  of  adding  a 
weight  of  1.11  gm.  at  B,  the  original  ten-gram  weight  may  be 
moved  along  the  beam  from  A  to  a  point  .111  of  the  distance  from 
A  to  G;  having  this  point  marked  on  the  beam,  this  may  be  better 
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than  having  an  extra  weight.  It  will  further  be  obvious  that  in 
this  case  the  rider  traverses  the  whole  beam,  thus  giving  scale- 
divisions  of  sufficient  extent. 

The  value  of  any  point  on  the  scale  may  be  determined  as 
follows :  Suppose  the  point  chosen  be  three-fourths  of  the  distance 
from  A  toward  B;  the  total  weight,  estimated  as  at  B,  counter- 
acting the  buoyant  effect  of  water  will  be  1.11  gr.+f  of  .27  gm.  = 
1.11 +  .2025  =  1.3125  gm.     This  operates  against  a  weight  equal 

to  10  gm.  at  B;  and  the  density  of  the  substance  is =  7.62 

^  1.3125 

The  density  at  any  such  point  may  be  also  found  by  this  formula: 

C D 

7  6  5  4  3  2  1  I 

8  0 

a  =  equivalent  of  weight  at  C  after  moving  the  weight  (e.g.  8.89 

gm.). 
6  =  weight  of  original  weight  at  C,  the  equivalent  of   which  is 

supposed  to  be  at  D  (e.g.  10  gm.) 
c=  weight  of  rider  (e.g.  0.27  gm.). 
y  =  any  equal  length  division  point,  counting  from  D  toward  C. 

X  =  sp.  g.  when  rider  is  at  y,  = = =■ 

b-  l(a-c)+cy| 


f    . 


The  following  adjustments  of  the  instrument  must  be  provided: 
The  surface  at  G  which  rests  on  the  knife-edge  must  be  adjustable 
vertically,  so  as  to  bring  it  into  line  with  the  knife-edges  on  E  and 
F;  and  the  bearings  at  the  ends  of  the  beam  which  carry  the  rod 
CD  must  be  adjustable  laterally,  capable  of  a  movement  equal 
to  the  pitch  of  the  screw,  to  make  the  nuts  E  and  F  equidistant 
from  G.  Any  other  adjustments  are  obvious.  It  is  also  obvious 
that  the  instrument  may  be  so  designed  as  to  operate  with  more 
than  one  rider;  and  that  other  mechanical  means  than  screws  may 
be  used  to  move  supports  corresponding  to  the  nuts  E  and  F,  as, 
for  example,  a  cord  or  chain  operated  by  suitable  mechanism; 
also  that  a  scale-pan  may  be  attached  at  B,  and  weights  used 
instead  of  or  in  combination  with  a  rider. 
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THE  VOLUMETRIC   DETERMINATION   OF    TITANIUM 

By  Porter  W.  Shimer  and  Edward  B.  Shimer 

Easton,  Pennsylvania 

The  volumetric  determination  of  titanium  has  been  the  sub- 
ject of  investigation  by  Pisani\  Marignac^,  Wells  and  Mitchell^ 
Newton*,  Knecht  and  Hibbert^,  Gallo^,  and  Hinrichsen^.  The 
main  difficulties  are  that  it  is  hard  to  get  complete  reduction  of 
Ti02  to  Ti203  and  that  special  precautions  must  be  observed  to 
prevent  the  reoxidation  of  the  reduced  solution.  The  above 
named  investigators  reduce  by  adding  zinc  in  the  form  of  rods 
or  otherwise  to  the  solution  contained  in  a  flask  through  which 
a  current  of  carbon  dioxide  is  passed.  Reduction  by  this  method 
seems  to  be  slow  and  often  imperfect;  Gallo,  for  instance,  re- 
quires from  five  to  twelve  hours. 

Our  contribution  to  the  subject  lies  in  the  method  of  reduction, 
the  elimination  of  the  influence  of  vanadium,  and  certain  de- 
tails as  applied  to  the  various  ores  and  products.  In  our  work 
we  pass  the  hot  sulphuric  solution  of  titanium  and  iron  through 
a  very  long  reductor  filled  with  amalgamated  zinc,  the  receiving 
flask  being  filled  with  carbon  dioxide  before  and  after  the  re- 
duction; the  time  required  for  complete  reduction  need  not  be 
more  than  fifteen  minutes. 

When  both  iron  and  titanium  are  to  be  determined  the  iron 
may  be  reduced  by  hydrogen  sulphide  and  titrated  with  po- 
tassium permanganate  after  boiling  off  the  hydrogen  sulphide 
and  cooling  in  an  atmosphere  of  carbon  dioxide.  For  titanium, 
the  reduction  is  made  in  the  long  reductor  and  both  elements 
are  titrated  together  with  potassium  permanganate.  When 
titanium  alone  is  to  be  determined  it  is  better  to  use  a  standard- 

'Compt.    Rend.,    69,    298. 
='Zeitschr.    Anal.    Chem.,    7,    112. 
"Jour.    Amer.    Chem.    Soc,    17,    878. 
*Amer.  Jour,  of  Science,  (4),  25,  130. 
'Ber.,  36,  166;  37,  3475. 
*Chem.   Abstracts,  2,   968. 
'Chem.  Ztg.,  81,  938,   1907. 
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ized  solution  of  ferric  ammonium  sulphate,  using  a  saturated 
solution  of  potassium  thiocynate  as  an  indicator. 

The  special  apparatus  required  consists  simply  of  the  reductor 
and  a  carbon  dioxide  generator.  The  reductor  is  a  piece  of  glass 
tubing  three  feet  in  length  and  three  eighths  of  an  inch  in  internal 
diameter,  drawn  out  at  the  lower  end,  in  which  is  placed  a  little 
glass  wool.  The  upper  end  is  connected  by  rubber  tubing  to  a 
four-inch  funnel.  The  reductor  is  suspended  at  such  a  height 
as  to  allow  the  gas  bottle,  when  attached  to  it,  to  swing  clear  of 
the  table.  The  reductor  is  filled  with  amalgamated  zinc  of  a 
size  that  passes  through  a  10-mesh  sieve  and  remains  on  one  of 
20  mesh;  finer  zinc  is  apt  to  clog  the  tube.  A  twenty-inch  re- 
ductor of  this  simple  form  was  described  and  figured  by  one  of 
us  in  Vol.  21,  p.  723,  of  the  Jour.  Amer.  Chem.  Soc.  It  may 
be  stated,  in  passing,  that  the  passage  of  a  hot  sulphuric  mo- 
lybdate  solution  through  this  twenty-inch  reductor,  previously 
heated,  reduces  M0O3  completely  to  M02O3. 

The  lower  end  of  the  reductor  passes  through  a  two-hole 
stopper  far  enough  to  reach  half  way  to  the  bottom  of  a  500  cc. 
gas  bottle.  The  gas  bottle  is  connected  with  suction  provided 
with  a  valve  or  clamp  to  regulate  the  rate  of  passage  through 
the  reductor. 

Before  making  a  titanic  reduction  it  is  necessary  to  wash  out 
the  reductor  with  hot  dilute  sulphuric  acid;  this  heats  the  zinc 
and  makes  the  reduction  more  effective.  The  next  step  is  to 
fill  the  gas  bottle  with  carbon  dioxide.  Now  connect  the  re- 
ductor and  draw  the  hot  sulphuric  solution  of  titanium  and  iron 
through  it,  but  not  faster  than  by  rapid  dropping.  Wash  sev- 
eral times  wath  hot  water  containing  a  little  sulphuric  acid,  dis- 
connect the  gas  bottle  and  quickly  pass  a  rapid  stream  of  carbon 
dioxide  through  it.  When  the  air  has  been  completely  expelled 
add  at  least  5  cc.  of  a  saturated  solution  of  potassium  thiocyanate 
and  titrate  with  the  ferric  solution.  The  end  reaction  is  rather 
slow  and  the  solution  must  be  added  until  the  brownish  color 
remains   for   at   least   a   minute. 

The  ferric  solution  is  made  by  dissolving  30  grams  of  pure 
ferric-ammonium  sulphate  in  1000  cc.  of  water  acidified  with 
sulphuric  acid.     Permanganate  solution  must  be  added  drop  by 
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drop  as  long  as  the  pink  color  disappears.  This  solution  may  be 
diluted  to  any  point  desired  for  the  special  work  in  hand;  for 
most  of  the  work  of  this  investigation  it  was  diluted  with  an  equal 
bulk  of  water. 

To  illustrate  the  influence  of  the  manner  of  reduction  the  fol- 
lowing experiments  will  suffice: — 50  cc.  of  a  standard  titanium 
solution,  reduced  in  a  20-inch  reductor,  without  use  of  carbon 
dioxide,  required  16.00  cc.  of  ferric  solution.  Another  50  cc, 
put  through  the  same  reductor  with  use  of  carbon  dioxide,  took 
17.30  cc,  of  ferric  solution.  A  third  50  cc.  put  through  the  36- 
inch  reductor  with  use  of  carbon  dioxide,  required  18.65  cc.  the 
correct  amount,  showing  the  necessity  of  using  the  long  reduc- 
tor, and  carbon  dioxide  to  prevent  reoxidation. 

Analysis  of  Rutile.  A  sample  of  purified  rutile,  weighing  .1037 
gr.,  was  fused  with  potassium  bisulphate.  The  fused  mass  was 
dissolved  out  of  the  deep  crucible  in  a  mixture  of  15  cc.  of  sul- 
phuric acid  (1:1)  and  water  by  aid  of  carefully  applied  heat. 
The  solution,  after  filtering  off  a  slight  insoluble  residue,  was 
transferred  to  a  500  cc.  gas  bottle  and  hydrogen  sulphide  was 
passed  through  for  half  an  hour.  The  hydrogen  sulphide  was 
boiled  off  and,  after  cooling,  the  iron  was  titrated  with  potassium 
permanganate.  After  this  titration  the  solution  was  heated  to 
near  boiling  and  passed  slowly  through  the  long  reductor,  pre- 
viously heated  by  passing  hot  water  acidified  with  sulphuric 
acid,  through  it.  The  gas  bottle,  as  always,  was  filled  with  car- 
bon dioxide  both  before  and  after  the  reduction.  Five  cc.  of  a 
saturated  solution  of  potassium  thiocyanate  was  added  and  the 
solution  was  titrated  with  the  ferric  solution,  of  which  41.38  cc, 
was  taken.  The  calculation  follows: — 50  cc,  ferric  solution, 
when  reduced,  requires  for  its  oxidation  13,90  cc,  of  permanga- 
nate solution  whose  strength  against  iron  is  .006095,  One  cubic 
centimeter  of  the  ferric  solution  therefore  contains  ,0016944  gram 
of  iron.  Dividing  this  figure  by  ,697  we  get  ,002431,  the  strength 
of  the  ferric  solution  against   Ti02,     Therefore: — 

41.38X.0Q2431X100^g^0^y 
.1037 
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The  result  of  the  analysis  was : — 

Titanic  acid 97.01% 

Oxide  of  iron 1.52% 

Insoluble  residue 1.40% 


99.93% 


Titanic  acid  was  determined  in  a  sample  of  argillaceous  lime- 
stone in  which  the  Bureau  of  Standards  found  .230%  and  .210% 
of  Ti02.  Three  samples  of  one  gram  each  were  intimately  mixed 
with  .5  gr.  of  sodium  carbonate  and  heated  over  the  Meker 
burner.  The  sintered  mass  was  dissolved  in  hydrochloric  acid, 
precipitated  with  ammonia,  filtered  and  washed  with  hot  water, 
dissolved  in  dilute  sulphuric  acid  and  put  through  the  reductor 
in  the  usual  way.    The  results  were  .212%,.  223%  and  .200%  TiOg. 

Titanium  was  next  determined  in  a  sample  of  Goldschmidt 
Ferro  =»  Titanium,  crushed  to  pass  through  a  40-mesh  sieve. 
Three  samples  of  .3000  gr.  each  were  dissolved  in  dilute  sulphu- 
ric acid  and  peroxidized,  while  boiling,  with  a  strong  solution 
of  potassium  permanganate.  The  excess  of  permanganate  was 
reduced  with  a  little  ferrous  sulphate  and  the  hot  solution  was 
passed  through  the  reductor.  The  results  were  21.28%,  21.31% 
and  21.27%  of  titanium. 

Three  samples  of  high  titanic  iron  ore  were  next  treated  in  the 
following  manner: — Fused  1  gr.  of  each  ore  with  potassium  bi- 
sulphate  and  a  little  sodium  fluoride  in  a  deep  platinum  crucible 
of  60  cc.  capacity.  Dissolved  by  aid  of  heat  in  the  crucible  in 
sulphuric  acid  and  water,  using  about  20  cc.  of  (1:1)  sulphuric 
acid  diluted  to  250  cc.  and  took  out  with  a  pipette  two  100  cc. 
portions,  each  corresponding  to  .4  gram  of  the  ore.  Heated  both 
portions  to  near  boiling  and  reduced  them  in  the  long  reductor. 
The  first  was  titrated  with  permanganate  and  the  result  noted. 
The  solution,  after  the  titration,  was  saturated  with  hydrogen 
sulphide,  the  hydrogen  sulphide  was  boiled  off  and  the  iron  titra- 
ted, when  cold,  with  permanganate.  The  other  portion  of  the 
solution  was  reduced  in  the  long  reductor,  with  the  precautions 
used  in  determining  titanium,  and  titrated  with  ferric  solution. 
The  results  in  the  three  ores  were  as  follows: — 


B 

C 

56.00%     . 

.  .  .   34.02% 

56.17%     . 

.  .  .   34.00% 

14.68%     . 

.  ..   44.91%o 

14.93%     . 

.  ..  44.88% 
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A 

Iron,  direct  (HaS) 50.59%  . 

Iron  indirect 50.65%  . 

TiOa  direct  (ferric  sol.) ....  21.75%  .  , 

TiOs  indirect 21.84%  . 

I  The  following  work  was  done  on  the  standard  Magnetite  on 
'  which  the  Bureau  of  Standards  results  are  1.01%,  .98%  and  .99% 
Ti02.  by  different  methods.  Our  gravimetric  results  on  the 
sample  by  the  Gooch  method  were  .99%,  .99%  TiOa.  For  the 
volumetric  determination  we  fused  one  gram  with  potassium 
bisulphate  and  a  little  sodium  fluoride  and  put  the  hot  sulphu- 
ric solution  through  the  long  reductor  with  the  usual  precautions. 
The  result  was  1.035%  Ti02.  This  high  result  is  accounted  for 
by  the  fact  that  this  ore  contains  .08%  V2O3.  In  order  to  elim- 
inate the  vanadium  we  fused  an  intimate  mixture  of  the  ore 
with  four  grams  of  sodium  carbonate  and  four  grams  of  sulphur 
in  a  porcelain  crucible  for  45  minutes  over  the  Bunsen  flame.  The 
fused  mass  was  dissolved  out  of  the  crucible  with  hot  water  and 
filtered.  The  filtrate  contains  the  vanadium,  which,  by  the  way, 
may  be  determined  by  acidifying  the  cold  solution  with  sulphuric 
acid,  filtering  off  the  precipitated  sulphide  of  vanadium,  in- 
cinerating in  a  porcelain  crucible,  dissolving  the  V2O5  in  hydro- 
chloric acid  (1.20  sp.  gr.)  and  evaporating  twice  with  the  same 
acid — the  last  time  with  the  addition  of  sulphuric  acid — and 
titrating  with  a  very  dilute  potassium  permanganate  solution. 

The  above  insoluble  residue  contains  the  iron  and  the  titanium. 
It  is  treated  on  the  filter  with  dilute  sulphuric  acid,  which  dis- 
solves the  iron  suphide  and  probably  a  part  of  the  titanium. 
The  residue  insoluble  in  sulphuric  acid  is  incinerated  in  a  platinum 
crucible,  fused  with  potassium  bisulphate  and  a  little  sodium 
fluoride,  and  dissolved  in  sulphuric  acid  and  water.  This  solu- 
tion is  added  to  the  solution  of  the  iron  and,  after  complete 
expulsion  of  the  hydrogen  sulphide,  it  is  put  through  the  re- 
ductor.    The  Ti02  thus  found  was  .996%. 

A  sample  of  titanium  carbide,  weighing  .1000  gr,  was  dis- 
solved in  nitric  acid :  sulphuric  acid  was  then  added  and  the  solu- 
tion was  evaporated  to  fumes  of  SO3.    The  residue  was  dissolved 
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in  hot  water,  filtered  and  put  through  the  reductor.    The  results 
of  the  analysis  of  the  carbide  were: — 

Titanium  Carbide  (TiC) 88.28% 

Graphitic  Residue 7.64% 

Silicious  Residue 3.10% 

Iron 97% 


99.99% 


Titanium  was  next  determined  in  a  sample  of  pig-iron  con- 
taining vanadium.  Five  grams  of  the  iron  were  dissolved  in 
a  mixture  of  200  cc.  of  water  and  20  cc.  of  hydrochloric  acid  (1.20 
sp.  gr.).  Immediately  before  filtering  about  1  cc.  of  hydroflu- 
oric acid  was  added  to  the  solution.  The  insoluble  residue  was 
filtered  off,  washed  and  transferred  to  a  platinum  crucible  in 
which  the  graphite  was  burned  off.  The  residue  was  carefully 
brushed  out  on  a  piece  of  glazed  paper  and  the  crucible,  with 
the  adhering  residue,  was  set  aside  for  use  later.  The  residue 
on  the  glazed  paper  was  well  mixed  with  an  excess  of  sodium  car- 
bonate and  sulphur  and  fused  for  half  an  hour  in  a  porcelain 
crucible.  Before  using  the  crucible  it  must  be  carbon-coated  by 
melting  a  little  sugar  or  tar  in  it,  running  it  around  the  sides, 
and  finally  igniting  with  the  lid  on.  This  prevents  the  fluxing 
of  any  part  of  the  residue  with  the  crucible  glaze.  The  fused  sul- 
phides are  extracted  with  hot  water  and  filtered.  The  residue 
contains  the  titanium  and  the  filtrate  contains  the  vanadium; 
they  are  determined  in  the  same  way  as  described  in  the  analy- 
sis of  the  magnetite.  The  iron  was  found  to  contain  .370% 
titanium  and  .042%  vanadium.  This  method  is  based  on  the 
well  founded  assumption  that  all  of  the  titanium  in  pig-iron  is 
found  in  the  residue  insoluble  in  hydrochloric  acid. 

On  the  determination  of  titanium  in  steel  the  following  tests 
were  made: — One  gram  of  plain  .60%  carbon  steel  was  dissolved 
in  sulphuric  acid  and  peroxidized,  while  boiling,  with  potassium 
permanganate.  The  precipitated  Mn02  was  reduced  by  ferrous 
sulphate  solution.  Added  a  measured  amount  of  standard  ti- 
tanium solution.  The  solution  was  put  twice  through  the  long 
reductor  with  all  the  precautions.     We  found  that,  when  there 
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is  a  large  excess  of  iron,  as  in  the  determination  of  titanium  in 
steel,  a  single  passage  through  the  reductor  does  not  suffice. 
The  results  of  three  tests  using  5,  10  and  15  cc.  of  the  titanium 
solution  were  as  follows: — 

No.     1— Titanium    taken 00032  gr     Ti    found 00032  gr 

No.    2— Titanium    taken 00064  gr     Ti    found 00065  gr 

No.    3— Titanium    taken 00096  gr     Ti    found 00095  gr 

We  next  dissolved  5  grs.  of  a  plain  .20%  carbon  steel  in  sul- 
phuric acid  and  peroxidized  vath  potassium  permanganate  and 
reduced  the  excess  with  ferrous  sulphate.  To  this  solution  was 
added  25  cc.  of  the  same  titanium  solution  and  it  was  passed 
tvnce  through  the  long  reductor. 

Results:— Ti   taken 0016  gr      Ti   found 0016  gr 

We  next  dissolved  3  gr.  of  a  plain  .60%  carbon  steel  in  20  cc. 
(1:1)  sulphuric  acid  and  100  cc.  of  water,  oxidized  with  per- 
manganate as  before  and  added  100  cc.  of  titanium  solution. 
Evaporated  to  120  cc.  reduced,  heated  the  reduced  solution  to  boil- 
ing in  the  gas  bottle  containing  an  atmosphere  of  carbon  dioxide 
and  reduced  again,  using  carbon  dioxide  each  time. 

Result:— Ti  taken 0064  gr     Ti  found 0062  gr 


A  SPECTROSCOPIC  METHOD  FOR  THE  DETERMINA- 
TION OF  LITHIUM 

By  W.  W.  Skinner  and  W.  D.  Collins 
Washington,  D.  C. 


introduction 

In  the  examination  of  mineral  waters  for  lithium  there  is  need 
of  a  method  by  which  small  amounts  of  this  substance  may  be 
determined  with  reasonable  accuracy  when  only  relatively  small 
amounts  (from  one  to  five  hters)  of  water  are  available  for  this 
determination  in  the  general  scheme  of  a  complete  mineral  water 
analysis.  Where  the  amount  of  Uthium  present  is  as  small  as 
0.001  mg.  per  Uter,  the  evaporation  of  a  quantity  of  water  large 
enough  to  give  a  weighable  quantity  of  hthium  salt  consumes  so 
much  time  and  gives  such  large  quantities  of  other  salts  that  it 
seems  better  to  use  a  small  quantity  of  water  and  determine  the 
Uthium  spectroscopically  after  it  is  separated  from  the  other 
constituents. 

In  such  cases  the  separation  from  the  other  substances  in  the 
water  is  carried  out  according  to  the  provisional  method  of  the 
Association  of  Ofl&cial  Agricultural  Chemists^  first  proposed  by 
Gooch^.  The  spectroscopic  determination  is  made  on  a  solution 
of  the  sulphates  of  Hthium,  sodium  and  potassium  obtained  by  the 
Gooch  method  of  separation  with  amyl  alcohoP.  A  preUminary 
paper  by  one  of  the  authors*  gave  a  brief  outHne  and  review  of  the 
work,  making  use  of  the  spectroscope  in  the  quantitative  deter- 
mination of  hthium  and  the  effect  of  the  masking  of  the  red 
hthium  hne  by  various  amounts  of  sodium  and  potassium.  In 
this  paper  is  given  a  review  of  methods  which  have  been  considered 
or  tested  and  a  method  developed  by  the  authors  for  the  determi- 

lU.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  153. 
sAmer.  Chem.  J.,  1887,  9:  33-51. 

'For  a  comprehensive  review  of  the  Uteratiu-e  of  the  subject,  together  with 
•certain  experimental  data,  refer  to  Bureau  of  Chemistry,  U.  S.  D.  A.,  Bui.  153. 
^Skinner.     A  spectroscopic  method  for  the  determination  of  lithium. 
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nation  by  the  spectroscope  of  the  small  amount  of  lithium  usually 
found  in  mineral  waters  and  in  some  other  substances. 

HISTORICAL   DATA 

As  early  as  1826  Talbot^  suggested  that  the  various  color  lines 
in  the  spectrum  were  due  to  the  different  metals  and  were  char- 
acteristic of  them,  and  in  ISSG^  suggested  the  measurement  of 
the  relative  positions  of  the  bright  and  dark  lines.     Although 
Swan^  in  1856  had  suggested  the  use  of  the  collimator,  the  first 
comprehensive  work  on  spectrum  observations  was  issued  by  Kir- 
choff  and  Bunsen^  in  1860.     They  made  some  accurate  measure- 
ments of  the  sensitiveness  of  the  tests  with  the  spectroscope  and 
were  able  to  observe  .00000006  mg.  of  sodium,  .000002  mg.  of 
Hthium,  .0003  mg.  of  potassium,  .00003  mg.  of  strontium,  .00002 
of  calcium  and  .0003  mg.  of  barium.     They  reported  also  the  pres- 
ence of  hthium  in  a  large  number  of  substances;  in  the  ash  of  vari- 
ous plants,  in  minerals,  and  in  many  waters.     CappeP  in  1870, 
using  a  spark  spectrum,  was  able  to  detect  .000000025  mg.  of 
hthium  which  was  considerably  less  than  the  amount  detected  by 
Kirchoff  and  Bunsen.     Others  who  worked  on  the  same  subject 
were  Mitscherhch,  Brassack,  Church,  Janssen,  Champion,  Pellet 
and  Grenier,   Lockyer  and  Roberts,   and  Truchot.     The  latter 
made  some  determinations  of  lithium  in  waters  by  comparing  the 
intensity  and  duration  of  the  hthium  hne  obtained  from  the  sample 
with  that  obtained  from  standards.     This  method  has  been  used 
by  us  mth  the  modification  that  the  standards  contained  in  addi- 
tion to  the  hthium  different  amounts  of  sodium  chlorid,  either 
ten  or  100  mg.  per  cubic  centimeter,  and  the  mixed  chlorids  ob- 
tained in  the  analyses  which  were  to  be  tested  for  hthium  were 
dissolved  in  such  an  amount  of  water  that  the  solution  contained 
either  ten  or  100  mg.  per  cubic  centimeter.     Using  a  straight 
•wire,  .01  mg.  of  hthium  per  cubic  centimeter  was  about  the  low- 
est hmit  with  a  solution  of  hthium  chlorid  alone.     When  the 
solution  of  this  strength  contained  100  mg.  of  sodium  chlorid,  the 

.     lEdin.  J.  Sci.,  1826,  5:  77. 
^Phil.  Mag.,  1836,  (3)  9:  3. 
sPhil.  Mag.,  1860,  (4)  20:  173. 
^Pogg.  Ann.,  1860,  110:  161-189. 
spogg.  Ann.,  1870,  139:  628-639. 
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lithium  was  very  much  more  difficult  to  see.  The  use  of  the  small 
coil  of  wire  suggested  by  Truchot  by  which  a  uniform  drop  of 
liquid  is  picked  up  each  time  is  an  improvement. 

TABLE  I 

Determination  of  Lithium  by  Modified  Method  of  Trtjchot 
With  no  Sodium  Chlorid 


i>7 
-oft 

8  0 
3-2 

Lithium  found  by  comparison 

with  standard  containing 

the  same  amount  of 

sodium  chlorid 

O  t, 

-a  ft 

3 

Lithium  found  by  comparison 

with  standards   containing 

the  same  amount  of 

sodium  chlorid 

Analyst  A 

Analyst  B 

Analyst  A 

Analyst  B 

3_3 

3 

1st  day          2d  day 

let  day          2d  day 

0.70 

0.50 

0.50 

0.50 

1.00 

0.80 

0.90 

0.80 

.20 

.10 

.10 

.30 

.05 

.08 

.05 

.04 

.80 

.70 

.80 

1.00 

.80 

1.00 

.80 

1.00 

.01 

.02 

.01 

.01 

.40 

.60 

.50 

.20 

.05 

.03 

.03 

.05 

.01 

.01 

.01 

.01 

With  10  mg.  Sodium  Chlorid  per  Cubic  Centimeter 


0.01 

0.03 

0.02 

0.01 

0.05 

0.06 

0.10 

0.10 

.01 

.02 

.02 

.01 

.70 

.80 

.50 

.50 

.50 

.50 

.50 

.30 

.40 

.80 

.50 

.40 

.20 

.20 

.40 

.30 

.10 

.10 

.20 

.08 

1.00 

.90 

1.00 

1.00 

.30 

.20 

.25 

.25 

With  100 

MG.  Sodium  Chlorid  per  Cubic  Centimeter 

1.00 

0.80 

1.00 

0.10 

0.06 

0.20 

1.00 

.90 

1.00 

.01 

.04 

.00 

.80 

.60 

1.00 

.02 

.06 

.05 

.20 

.10 

.05 

.03 

.03 

.02 

.50 

.50 

.25 

.04 

.02 

.01 

In  Table  I^  are  given  some  results  showing  the  relative  accuracy 
of  readings  made  under  strictly  uniform  conditions,  using  a 
straight  T\ire  and  Bunsen  lamp.     Results  are  given  on  standards 

1  Skinner.  "A  spectroscopic  method  for  the  determination  of  lithium," 
a  paper  read  at  the  meeting  of  American  Association  for  the  Advancement  of 
Science,  1908. 
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of  known  amounts  of  lithium  chlorid  without  the  addition  of 
sodium  chlorid,  with  varjang  amounts  of  hthium  chlorid  plus 
ten  mg.  of  sodium  chlorid  per  cubic  centimeter,  and  with  varying 
amounts  of  hthium  chlorid  plus  100  mg.  of  sodium  chlorid  per 
cubic  centimeter.  The  masking  due  to  potassium  was  tested  and 
found  to  be  very  much  less  than  that  due  to  sodium;  therefore,  in 
view  of  the  small  amounts  of  potassium  usually  found  in  mineral 
waters  as  compared  with  sodium,  the  effect  of  potassium  was  not 
studied  further. 

In  order  to  avoid  the  personal  equation  as  much  as  possible,  the 
solutions  were  prepared  by  an  assistant  and  read  by  two  persons 
unacquainted  with  the  value  of  the  solutions,  one  analyst  making 
two  sets  of  observations  but  on  different  days.  A  preUminary 
test  of  the  unknown  solution  at  once  showed  whether  the  standards 
to  be  used  for  comparison  should  be  the  set  containing  ten  mg.  of 
sodium  chlorid  per  cubic  centimeter  or  that  containing  100  mg. 
of  sodium  chlorid  per  cubic  centimeter.  The  appropriate  set 
of  standards  for  comparison  was  then  selected.  These  standards 
were  prepared  in  sets  containing  amounts  of  hthium  varying  from 
0.01  to  1.00  mg.  per  cubic  centimeter,  and  the  comparisons  made 
in  a  manner  suggested  by  the  comparison  of  colorimetric  standards. 

Ballmann^  diluted  a  solution  containing  a  known  amount  of 
hthium  until  the  hthium  hne  could  not  be  seen  in  the  spectroscope, 
and  then  diluted  the  unknown  solution  to  the  point  where  the  line 
could  not  be  seen.  By  considering  the  concentration  of  hthium 
the  same  in  both  cases  he  was  able  to  calculate  the  amount  in  the 
unknown  solution.  In  his  experiments  the  lithium  hne  was  seen 
easily  with  a  volume  of  1,320  cc,  seen  faintly  twice  and  missed 
once  when  the  volume  was  1,340  cc,  and  with  a  volume  of  1,360 
cc.  could  not  be  seen  at  all.  This  would  appear  to  make  the  error 
of  the  method  about  two  per  cent.  The  hthium  hne  could  not  be 
seen  when  one  mg.  of  hthium  chlorid  was  made  up  to  3,345  cc. 
(0.0003  mg.  in  1  cc).  Ballmarm  used  a  spiral  loop  2.5  mm.  in 
chameter  and  3.5  mm.  along  the  axis. 

Jones^  described  some  experimental  work  which  led  him  to  the 
conclusion  that  satisfactory  quantitative  determinations  could  not 
be  made  by  the  spectroscope. 

iZts.  anal.  Chem.,  1875,  14:  297. 
Chem.  News,  1876,  34:  122. 
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The  method  published  by  BelP  is  the  same  as  that  of  Ballmann. 

Foehr^,  commenting  on  Bell's^  paper,  stated  that  he  himself  had 
made  many  experiments  on  quantitative  analysis  by  the  spectro- 
scope, but  did  not  obtain  as  good  results  as  those  reported  by  Bell. 
Instead  of  diluting  until  the  spectrum  failed  to  appear,  he  added  a 
solution  of  the  substance  a  little  at  a  time  to  pure  water,  testing 
the  mixture  by  means  of  the  spectroscope  after  each  addition. 
The  endpoint  was  the  concentration  at  which  the  spectrum  first 
appeared  and  was  found  to  be  much  sharper  by  this  method. 

Nasini  and  Anderlini^  determined  lithium  in  a  thermal  water  by 
the  method  of  Foehr.  At  another  time^  in  the  analysis  of  a  brine 
they  used  this  method  on  the  original  water,  first  obtaining  a 
rough  approximation  as  to  the  amount  and  then  making  up  a 
solution  with  a  known  amount  of  hthium  and  about  the  same 
content  of  other  substances  as  the  water  under  examination. 
When  this  solution  was  added  to  distilled  water  and  tested  with 
the  spectroscope  the  amount  of  lithium  present  when  the  hthium 
line  first  appeared  was  different  from  the  amount  required  when 
no  other  salts  were  present.  They  noted  the  necessity  of  having 
the  wires  and  drops  of  uniform  size,  of  keeping  the  Bunsen  burner 
flame  of  constant  size,  and  of  always  placing  the  wire  in  the  same 
part  of  the  flame. 

RanzoH^  compared  the  spectroscopic  and  gravimetric  methods 

for  lithium,  determining  the  Hthium  by  Foehr's  method  and  found 

0.52078,  0.51688  and  0.5151  gram  of  Hthium  chlorid  instead  of 

0.54  gram,  the  average  being  4.15  per  cent.  low.     Then  he  used 

the  method  as  modified  by  Nasini   and  AnderHni^  and  found 

0.53612  and  0.53914  instead  of  0.5400  gram.     On  some  solutions 

of  unknown  lithium  content  he  obtained  0.2708  gram  when  the 

solution  contained  0.2700  and  obtained  0.18953   gram  from  a 

solution  containing  0.189  gram.     The  average  error  on  the  three 

solutions  was  0.365  per  cent.     RanzoH  advocated  the  use  of  this 

method  in  preference  to  the  gravimetric  method  for  all  waters, 

lAmer.  Chem.  J.,  1885,  7:  35. 
^Chem.  Ztg.,  1885,  9:  1013. 
'Amer.  Chem.  J.,  1885,  7:  35. 
^Gaz.  chim.  ital.,  1894,  24  (I) :  327. 
'Gaz.  chim.  ital.,  1890,  30  (I) :  305. 
''Gaz.  chim.  ital.,  1901,  31  (I):  40-48. 
'Gaz.  chim.  ital.,  1890,  30  (I) :  305. 
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as  the  determination  is  made  on  the  original  water  added  to  dis- 
tilled water  and  there  is  no  chance  for  loss  or  gain  of  hthium  in 
manipulation. 

RanzoH^,  Hermann-  and  Nutting^  also  worked  along  similar 
lines. 

Abati^  determined  the  hihium  in  a  mineral  water  bj-  the  method 
of  Nasini  and  Anderlini.  The  water  to  be  examined  was  diluted 
imtil  the  hthium  line  was  barely  visible.  This  diluted  solution 
was  added,  a  little  at  a  time,  to  25  cc,  of  distilled  water  until  the 
line  appeared  in  the  spectroscope.  A  standard  solution  was  made 
up  of  approximately  the  same  composition  as  the  water  sample, 
but  with  a  known  amoimt  of  hthium.  When  147  cc.  of  this  solu- 
tion was  added  to  25  cc.  of  distilled  water  the  hthium  hne  could 
not  be  seen.  "With  148  cc.  one  trial  gave  the  hthiiun  line,  while 
with  149  cc.  the  majority  of  the  ch"ops  taken  showed  the  line,  and 
when  150  cc.  were  added  every  drop  gave  the  line.  One  hundred 
and  forty-seven  cubic  centimeters  of  the  water  mixed  with  25  cc. 
of  chstilled  water  failed  to  show  the  hthimn  hne;  with  146  cc. 
added  the  hne  appeared  in  a  majority  of  the  trials  and  with  149  cc. 
added,  it  was  shown  by  ever>'  drop.  These  readings  would  indi- 
cate an  error  of  less  than  one  per  cent  in  the  determination,  which 
is  a  greater  accuracy  than  we  have  regularly  obtained  when  work- 
ing with  this  method. 

While  Xasini  and  Anderlini,  Ranzoh  and  Abati  all  recorded  most 
excellent  results  by  the  method  proposed  by  Xasini  and  Anderhni, 
such  close  results  have  not  been  obtained  by  us  when  using  this 
method.  WTien,  therefore,  hthium  is  present  in  weighable  amounts 
and  reasonable  quantities  of  water  are  available  for  examination, 
the  amyl  alcohol  separation  is  preferred.  For  the  estimation  of 
hthium  in  many  waters  on  which  work  has  been  done,  the  method 
of  Xasini  and  Anderhni  could  not  be  used  because  the  waters 
contained  so  httle  hthium  that  the  spectrum  could  not  be  obtained 
from  the  water  without  considerable  concentration.  As  in  most  of 
our  work  complete  analyses  are  required,  the  alkahne  chlorids 
are  obtained  pure,  so  that  it  is  very  httle  trouble  to  separate  the 

iGaz.  chim.  ital.,  1901,  31  (D:  40-48. 

=Uber  das  Vorkommen  des  Lithions  im  menscMichen  Organismus,  1905. 

'Astrophvs  J.,  1905,  22:  131-137. 

*Gaz.  chim.  ital.,  1906,  36  (IT) :  855-860. 
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lithium  by  amyl  alcohol,  and  when  it  is  separated  the  Mthium  can 
e  determined  by  the  spectroscope.  The  extraction  by  amyl 
alcohol  from  the  solution  of  the  chlorids  seems  the  only  way  hkely 
to  give  all  the  Hthium  when  the  total  amount  is  less  than  one  mg. 
On  account  of  the  fact  that  the  Hthium  always  remains  in  solution. 
there  is  no  serious  trouble  from  either  of  the  difficulties  mentioned 
by  Ranzoh  as  objections  to  the  gravimetric  methods. 

PEOPOSED  METHOD  WITH  ZXPEETMEVTAI.  DATA 

After  the  preparation  of  the  sulphates  of  sodium.  Hthium  and 
potassium  for  weighing,  they  are  dissolved  in  a  small  amount  of 
water,  from  one  to  ten  cc.  according  to  the  amounts  of  Hthium 
expected  to  be  fotmd.  By  trying  the  solutions  in  the  flame  before 
the  spectroscope  it  was  quickly  determined  whether  to  dilute 
to  the  vanishing  point  of  the  Hthium  line,  as  did  BaUmann^  and 
BeU-.  or  whether  to  make  to  a  volume  of  2-5  to  100  cc.  and  add  to 
distilled  water  as  Foehr  did.  In  consideration  of  the  errors  of 
observation,  it  has  not  seemed  worth  while  to  add  sodium  and 
potassium  sulphates  to  the  Hthium  solution  used  for  comparison. 
The  potassium  and  sodium  sulphates  are  rarely  present  to  the 
amount  of  more  than  0.0005  gram  each  or  at  the  most  0.0010  gram 
each.  In  most  cases  the  potassium  spectrum  does  not  appear  at 
all  in  the  work  and  the  sodium  line  is  not  much  brighter  than  it  is 
in  the  Hthium  solution  of  known  strength  which  has  been  kept 
in  a  glass  bottle  for  a  short  time.  The  spectroscope  used  in  the 
investigations  is  an  ordinary  high-grade  instrument  made  by 
Kruss.  The  scale  is  illuminated  by  a  small  electric  Hght.  and 
switches  under  the  edge  of  the  table  enable  the  observer  to  illumi- 
nate the  scale  or  the  room  without  moving. 

^Most  of  the  experimental  work  has  been  done  with  a  Bunsen 
burner  having  a  rather  small  tip.  which  makes  the  flame  steadier. 
A  porcelain  burner  was  used  to  eliminate  the  copper  lines  which 
occasionally  appeared,  but  as  in  most  of  the  work  the  telescopes 
were  set  so  as  to  have  the  sodium  line  just  barely  out  of  the  field, 
no  other  spectra  came  into  ^^ew  to  interfere  with  the  observation 
of  the  Hthium  line.  A  hydrogen  flame,  which,  from  some  pre- 
liTnin.-ny-  trials,  gave  promise  of  overcoming  several  difficulties 
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encountered  with  other  sources  of  heat  was  also  used.  With 
the  burner  which  was  devised  for  use  with  hydrogen  and  the 
apparatus  for  supplying  the  gas  the  variations  in  the  intensity  of 
the  flame  over  a  period  of  several  hours  could  not  be  controlled 
as  well  as  could  be  done  with  a  Bunsen  burner  and  ordinary  gas, 
and  it  as  finally  concluded  that  the  advantages  of  the  hydrogen 
flame  were  not  sufficient  to  warrant  an  elaborate  apparatus  for 
controlUng  and  supplying  the  gas  at  fairly  constant  pressure  over 
extended  periods  of  time. 

To  bring  the  solution  into  the  flame,  platinum  wires  are  used 
which  are  formed  into  cyUnders  at  the  ends  by  winding  four  times 
about  a  No.  10  wire.  The  four  turns  lie  close  together  making 
almost  a  soHd  cyUnder,  and  drops  picked  up  in  these  loops  are  very 
constant  in  weight,  some  of  the  first  loops  used  containing  0.010 
to  0.012  gram  of  water.  The  cold  loop  is  carefully  plunged  into 
the  solution  and  taken  out  with  the  axis  of  the  cyhnder  parallel 
to  the  surface  of  the  water.  The  drop  of  water  is  carefully  evapo- 
rated by  placing  it  at  such  a  distance  above  a  flame  that  it  is  vapor- 
ized without  spattering.  The  loop  is  then  brought  into  the  flame, 
usually  after  being  warmed  a  little.  With  the  apparatus  used 
regularly  by  the  authors,  different  observers  usually  have  about 
the  same  hmit  for  the  amount  of  Uthium  which  will  barely  show  the 
nthium  line.  This  varies  from  0.000015  to  0.000025  mg.  per  cc. 
when  no  large  amounts  of  other  alkalies  are  present. 

There  is  a  possible  chance  for  some  shght  variation  in  the 
amount  of  solution  taken  up  by  the  loop,  but  weighings  of  the 
amounts  taken  up  in  many  successive  trials  indicated  that  this  is  a 
wholly  negligible  source  of  error.  The  bringing  of  the  loop  into 
the  flame  is  probably  the  chief  source  of  error.  None  of  the  authors 
using  a  platinum  wire  made  any  mention  of  the  difficulty  of  ac- 
compUshing  this  in  a  uniform  manner.  If  the  loop  is  made  of 
moderately  fine  platinum  wire,  the  wire  is  not  Ukely  to  be  per- 
fectly straight,  so  that  if  it  is  held  in  a  stand  great  care  is  needed 
to  have  the  loop  always  at  the  same  height.  It  would  be  entirely 
feasible  to  arrange  a  mechanical  holder  which  would  insure  the 
proper  placing  of  the  loop  in  the  flame,  but  it  has  been  found  more 
convenient  to  have  one  person  put  the  loop  into  the  flame  while 
another  makes  the  observation.  With  care  and  experience  the  one 
handling  the  \\ire  can  place  it  in  the  flame  \\dth  loop  always  at 


I] 


Congress  of  Applied  Chemistry 


461 


the  same  height,  using  some  object  or  part  of  the  spectroscope  as  a 
gauge.  When  nearly  at  the  limit  of  visibility  of  the  lithium  hne 
he  can  make  the  hne  appear  or  not  by  varying  the  vertical  position 
of  the  loop  in  the  flame  less  than  a  centimeter.  The  position  of 
the  loop  in  the  horizontal  section  of  the  flame  also  affects  the  bril- 
liancy of  the  lithium  line,  probably  due  in  part  to  the  distance  from 
the  slit.  It  requires  some  practice  and  skill,  therefore,  on  the 
part  of  the  assistant  holding  the  wire  if  concordant  results  are  to  be 
obtained. 

In  fact,  the  success  of  the  observations  depends  upon  maintain- 
ing strictly  comparable  conditions  throughout  an  observation  on 
both  standard  and  unknowm  solutions.  One  of  the  chief  reasons 
for  trjdng  the  hydrogen  flame  was  to  lessen  the  variations  due  to 
the  uncertainty  of  the  position  of  the  loop  before  the  sUt.  With 
the  conveniences  at  hand  for  controlling  the  supply  of  hydrogen, 
however,  there  were  greater  irregularities  introduced  by  the  vary- 
ing size  of  the  flame  than  were  due  to  the  position  of  the  loop  in 
the  flame.  With  the  use  of  illuminating  gas  it  has  been  found 
that  the  pressure  varies  during  the  day  so  as  to  cause  some  slight 
irregularity  in  the  minimum  amount  of  lithium  necessary  to  pro- 
duce a  spectrum  and  it  is  desirable  to  check  the  standard  fre- 
quently. The  distance  from  the  slit  in  the  colhmator  to  the 
flame  is  a  factor  which  may  be  kept  constant,  as  may  the  width  of 
the  sUt.  The  following  figures  show  something  of  the  effect  of 
the  width  of  the  slit  on  the  sensitiveness  of  the  test.  These  trials 
were  made  with  the  hydrogen  flame. 

Effect  of  the  Width  op  Slit  op  Collimator  on  the 
Sensitiveness  op  the  Test 
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Up  to  the  width  of  0.2  mm.  the  lithium  Hne  is  visible  with  smaller 
amounts  of  lithium  as  the  slit  is  made  wider.  If  used  wider  than 
0.2  mm.  there  is  no  very  noticeable  increase  in  brilliancy  in  the 
hthium  line,  while  if  other  salts  are  present  the  light  from  them  is 
so  bright  as  to  interfere  seriously  wdth  the  observation  of  the 
hthium.  As  the  whole  method  rests  upon  the  fact  of  the  observer 
seeing  or  not  seeing  the  hthium  hne,  there  enters  also  a  question 
of  the  personal  equation.  In  all  experiments  it  is  possible  to  keep 
the  mind  of  the  observer  free  from  bias.  No  effect  of  the  observ- 
er's desire  or  expectation  has  been  noted  on  the  visibility  of  the 
hthium  hne  and  so  no  special  effort  has  been  made  to  keep  him  in 
ignorance.  There  has  been  an  attempt  to  make  the  dilutions  such 
that  the  relations  could  not  be  readily  calculated,  so  that  each 
determination  of  limiting  concentration  was  independent  of  the 
others  on  the  same  solution. 

While  working  at  determinations  with  the  spectroscope  the  ele- 
ment of  fatigue  enters  as  Jones^  observed  and  the  eye  may  become 
less  sensitive.  On  the  other  hand,  up  to  a  certain  time  it  is  quite 
hkely  that  the  eye  becomes  more  sensitive  with  practice.  If  a 
complete  determination  could  be  carried  out  with  trials  at  only 
six  or  seven  dilutions  as  given  by  Abati^,  it  is  not  hkely  at  any 
time  that  the  condition  of  the  observer  would  enter  very  largely 
into  the  results,  but  it  usually  requires  a  number  of  trials  to  come 
anywhere  near  the  proper  dilutions  where  the  final  trials  may  be 
made.  The  suggestions  given  in  the  following  description  of  the 
method  should  therefore  be  carefully  observed. 

To  show  what  results  could  be  obtained  by  the  method  outhned, 
four  samples  were  taken  through  the  regular  procedure  for  the 
determination  of  hthium  when  present  in  small  quantities;  that  is, 
the  sihca,  sulphates,  iron,  aluminum,  calcium  and  magnesium 
were  removed  in  the  usual  way  and  the  mixed  chlorids  were  ex- 
tracted with  amyl  alcohol  and  the  extracted  residue  converted 
into  sulphates.  No.  1  was  250  cc.  of  the  laboratory  distilled 
water.  No.  2  was  250  cc.  of  a  mineral  water  at  hand  in  the 
laboratory  containing  chiefly  calcium  sulphate  with  small  amounts 
of  sodium  and  potassium  and  a  very  small  amount  of  hthium. 

iChem.  News,  1876,  34:  122. 

^Gaz.  chim.  ital.,  1906,  36:  (II):  855-60. 


i]  Congress  of  Applied  Chemistry  463 

No.  3  was  250  cc.  of  the  same  water  as  No.  2  to  which  was  added 
0.0028  mg.  of  Hthium  as  sulphate.  No.  4  was  250  cc.  of  the  same 
water  as  No.  2  with  0.0056  mg.  of  hthium  as  sulphate  added. 

The  usual  procedure  in  making  a  complete  analysis  was  carried 
out  and  the  sulphates  of  Hthium,  sodium  and  potassium  were 
dissolved  in  definite  quantities  of  water.  The  ordinary  chemicals 
in  use  in  the  laboratory  were  employed  in  the  various  separations. 
It  was  known  that  these  chemicals  are  frequently  contaminated 
with  very  small  quantities  of  hthium;  in  fact,  it  has  been  necessary 
to  reject  samples  of  calcium  oxid  and  barium  hydroxid  which  were 
found  to  contain  excessive  amounts  of  hthium.  Where  the  htliium 
is  present,  however,  in  only  very  minute  traces,  it  is  generally 
better  to  use  definite  amounts  of  chemicals  in  making  the  various 
separations,  always  rumiing  a  blank  along  with  the  unknowns  and 
subtracting  the  corrections  obtained  in  the  blank,  rather  than  to 
attempt  to  obtain  chemicals  which  are  entirely  free  of  such  minute 
amounts  of  hthium  as  can  be  detected  by  the  spectroscope. 

A  standard  solution  of  hthium  sulphate  was  made  containing 
0.000113  mg.  per  cubic  centimeter  of  hthium.  This  standard 
solution  was  added  a  little  at  a  time  to  small  quantities  of  distilled 
water  which  was  known  to  be  free  from  hthium,  and  the  resulting 
solution  tested.  With  15  cc.  of  water  and  1  cc.  and  2  cc.  of  the 
above  standard  lithium  solution,  the  red  hthium  line  failed  to 
appear  in  two  trials.  With  15  cc.  of  water  and  3  cc.  of  the  stand- 
ard solution,  the  hne  appeared  strongly  once,  moderately  twice, 
was  doubtful  once,  and  failed  to  appear  twice.  This  was  taken 
for  the  hmit  of  concentration  and  was  equivalent  to  0.000019  mg. 
of  hthium  per  cubic  centimeter.  This  determination  was  checked 
by  taking  a  larger  quantity  of  water,  namely  25  cc,  to  which  were 
added  small  amounts  of  the  standard  hthium  solution,  a  spectro- 
scopic observation  being  made  after  each  addition.  When  to  the 
25  cc.  of  water  had  been  added  5.5  cc.  of  the  standard  solution,  the 
red  hne  was  again  just  visible,  which  indicated  that  the  limit  was 
again  reached.  This  corresponded  to  0.000020  mg.  per  cubic 
centimeter.  The  hmit  was  checked  a  third  time,  using  45  cc.  of 
water  with  gradual  additions  of  the  standard  hthium  solution, 
when  it  was  found  that  the  hne  faintly  appeared  when  9  cc.  had 
been  added,  maldng  the  hmit  equivalent  to  0.000019  mg.  per  cubic 
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centimeter.  The  average  of  the  three  determinations  showed  the 
limit  to  be  for  the  particular  conditions  under  which  the  experi- 
ments were  conducted,  0.000019  mg.  per  cubic  centimeter. 

It  is  desirable  always  to  make  an  observation  of  the  hmit  at  the 
beginning  and  at  the  end  of  each  series  of  determinations.  Samples 
1  and  2  were  made  up  to  a  volume  of  10  cc.  and  5  cc.  of  the  solu- 
tion diluted  until  the  lithium  line  just  disappeared.  No.  1  showed 
the  line  with  5  cc.  of  the  solution  plus  15  cc.  of  water.  When  the 
water  was  increased  to  20  cc.  the  line  could  no  longer  be  detected. 
Five  cubic  centimeters  of  No.  2  showed  the  Hne  when  35  cc.  of 
water  were  added,  but  not  when  40  cc.  were  added.  In  the  case 
of  No.  1,  therefore,  when  the  original  10  cc.  had  been  increased 
in  volume  to  40  cc,  the  concentration  of  the  lithium  was  the  same 
as  in  the  standard  solution  when  the  hthium  line  could  barely  be 
seen.  The  total  amount  of  Hthium  present,  therefore,  was  40 
times  the  amount  in  1  cc.  of  the  diluted  standard  solution,  that  is, 
40  multipHed  by  0.000019,  equivalent  to  0.0008  mg.  of  lithium. 
This  is  the  blank  and  represents  the  amount  of  lithium  obtained 
from  the  reagents  used  in  making  the  separations.  Using  the 
same  methods  of  dilution,  No.  2  was  found  to  contain  0.0016  mg. 
In  the  examination  of  these  two  samples,  the  dilution  method 
was  used  rather  than  the  addition  of  the  unknown  solution  to  a 
definite  quantity  of  water  until  the  appearance  of  the  hthium  line, 
which  is  the  regular  method. 

The  residues  from  Nos.  3  and  4  were  dissolved  in  water  and  made 
up  to  100  cc.  each,  and  designated  as  solutions  3  and  4,  respectively. 
The  examination  of  these  solutions  was  not  made  on  the  same  day 
with  Nos.  1  and  2,  hence  a  new  determination  of  the  observable 
limit  was  made.  Using  the  method  as  described  before,  the  limit 
at  this  time  was  found  to  be  0.0000168  mg.  of  lithium  instead  of 
the  0.000019  found  on  the  previous  day.  The  determination  was 
made  by  adding  to  17  cc.  of  distilled  water,  portions  of  solution  3, 
1  cc.  or  0.5  cc.  at  a  time,  the  mixtures  being  examined  after  each 
addition.  When  9  cc.  of  solution  3  had  been  added,  the  lithium 
line  was  observed  very  faintly  once  in  five  trials,  showing  that  the 
limit  had  very  nearly  been  reached.  When  9.5  cc.  had  been  added, 
the  line  appeared  three  times  in  four  trials,  which  was  regarded  as 
the  hmit.     Therefore  it  will  be  seen  that  17-f9.5  =  26.5  cubic 
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centimeters,  each  of  which  contained  the  equivalent  of  the  ob- 
served hmit,  that  is,  0.0000168  mg.  of  Hthimn  or  0.0004452  mg. 
in  9.5  cc.  of  solution  3.  Hence,  1  cc.  of  solution  3  contained 
0.000047  mg.  of  lithium  or  the  100  cc,  the  whole  amount,  contained 
0.0047.  When  the  blank  which  is  equivalent  to  the  amount  found 
in  No.  2,  0.0016  mg.,  is  subtracted  from  the  amount  found  in  No.  3, 
there  remains  0.0031  instead  of  0.0028  mg.  of  Hthium  known  to 
have  been  added  to  the  original  sample.  In  the  case  of  solution  4, 
10  cc.  of  distilled  water  was  taken  and  3  cc.  of  the  solution  added. 
Observation  of  this  mixture  gave  the  Hne  faintly  twice  out  of  five 
trials.  "WHien  3.5  cc.  was  added,  the  line  was  seen  in  each  of  the 
three  trials,  from  which  it  will  be  seen  that  10  +  3.5  =  13.5  cubic 
centimeters  each  of  which  contained  the  observed  limit  of  0.0000168 
mg.  of  lithium.  The  value  of  the  13.5  cc.  was  therefore  0.000227 
mg.,  which  is  equivalent  to  the  amount  in  3.5  cc.  of  solution  4. 
One  cubic  centimeter  of  solution  4  is  therefore  equivalent  to 
0.000065  mg.  and  the  total  100  cc.  contained  0.0065  mg.  When 
the  blank  determination  in  No.  2  which  is  equivalent  to  0.0016 
is  subtracted  from  the  above  figure,  there  remains  0.0049  mg. 
instead  of  the  0.0056  mg.  knov^Ti  to  have  been  added.  These 
results  are  shown  in  the  following  tables : 

Determination  of  Lithium  Added  to  Mineral  Water  (Combined 
Amtl  Alcohol  and  Spectroscopic  Method) 


Number 
of 

Volume  of 
solution  of 
sulphates 

Used  when  lithium  line  was 
barely  visible 

Lithium  per  cc. 

to  barely  show 

lithium  line 

Lithium  used 

solution 

Sulphate 
solution 

Water 

Total 

in  test 

A 

B 

C 

C 

D 

CxD  =  E 

1 
2 
3 
4 

CC. 

10 

10 

100 

100 

CC. 

5 
5 

9.5 
3.5 

CC. 

15 
35 
17 
10 

CC. 

20 
40 
26.5 
13.5 

mg. 

0.000019 
.000019 
.0000168 
.0000168 

mg. 

0.0004 
.0008 
.000445 
.000227 
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Lithium  per  cc. 

of  sulphate 

solution 

Total  lithium  in 
sulphate  solution 

Lithium  found  in 

mineral   water 

samples;  blank 

subtracted 

Added  lithium 
found 

Amount  of 
lithium  added 

l=- 

AxF 

mg. 

mg. 

mg. 

mg. 

mg. 

0.00008 

0.0008 

.00016 

.0016 

0.0008 

.000047 

.0047 

.0039 

0.0031 

0.0028 

.000065 

.0065 

.0057 

.0049 

.0056 

Wliile  in  work  of  this  character  it  would  have  been  better  to 
use  chemicals  which  were  entirely  free  from  even  the  most 
minute  traces  of  lithium,  it  may  be  well  to  add  that  blanks  should 
always  be  made  and  that  in  this  case  the  blank  obtained  of  0.0008 
mg.  is  the  largest  blank  determination  ever  found  in  any  of  the 
authors'  work.  From  the  above  data  it  will  be  seen  that  250  cc. 
of  the  original  mineral  water  after  subtracting  the  blank  contained 
0.0008  mg.  of  hthium  or  0.003  mg.  per  liter.  Several  determina- 
tions of  the  lithium  in  two  Uters  of  other  samples  of  the  same  water 
gave  figures  of  less  than  0.005  mg.  of  lithium  per  liter.  The  use 
of  the  combined  amyl  alcohol  and  spectroscopic  method  on  some 
samples  of  soil  gave  the  following  results  on  the  air-dried  soils: 

Results  on  Air-Dried  Soils  prom  the  Use  of  Combined  Amyl  Alcohol 
AND  Spectroscopic  Method 


Number  and  weight 
of  soil 

Total  lithium 

Lithium 

Lithium  oxid 

Grams. 

mg. 

Per  cent. 

Per  cent. 

No.l: 

10 

0.15 

0.0015 

0.0032 

5 

.08 

.0016 

.0034 

No.  2: 

ao 

{.12 
1.14 

.0012 

.0026 

.0014 

.0030 

15 

(.07 

.0014 

.0030 

1.08 

.0016 

.0034 

No.  3: 

5 

..08 

.0016 

.0034 

15 

1.07 
1.08 

.0014 

.0030 

.0016 

.0034 

0.1 

.0015 

.0015 

.0032 

1  Two  determinations  by  the  spectroscope  of  the  amount  of  lithium  la  the  same  sample 
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As  a  regular  practice  in  analytical  work,  the  approximate 
determination  of  lithium  in  the  mixed  chlorids  obtained  in  water 
analyses  saves  very  much  time  by  indicating  whether  it  is  worth 
while  to  extract  the  Uthium  for  weighing.  A  similar  test  is  regu- 
larly made  on  the  solution  in  nitric  acid  of  the  oxids  of  the  calcium 
and  strontium.  By  maldng  the  solution  to  a  definite  volume  it  is 
easy  to  tell  whether  there  is  enough  strontium  present  to  separate 
and  weigh.  Though  potassium  is  generally  determined  in  all 
complete  mineral  water  analyses,  it  is  occasionally  desired  to 
obtain  a  close  approximation  of  the  amount  present  in  some  sub- 
stance where  the  information  is  not  worth  the  trouble  and  expense 
of  a  gravimetric  determination.  In  many  of  these  cases  relatively 
large  percentage  errors  are  of  no  consequence.  It  is  often,  how- 
ever, very  desirable  to  be  able  to  say  that  there  is  present  0.001  mg. 
or  0.03  mg.  rather  than  report  each  amount  as  ''trace"  or  "spectro- 
scopic trace,"  which  may  be  done  if  the  lines  are  seen  in  the 
spectroscope  without  any  idea  as  to  the  amount  of  the  material 
required  to  produce  the  line.  With  the  Kriiss  spectroscopic  ap- 
paratus regularly  employed,  using  a  Bunsen  burner,  the  following 
figures  were  obtained: 


Results  Obtained  with  Spectkoscope,  Using  a 

Bunsen  Burner 

Metal 

Amount  necessary  to  give 

spectrum.     (Mg. 

per  cc.) 

Metal 

Amount  necessary  to  give 

spectrum.     (Mg. 

per  cc). 

Lithium 

Rubidium 

Caesium 

Potassium 

0.00002 
.03 
.01 
.005 

Calcium 

Strontium 

Barium 

0.01 
.03 
.05 

SUMMARY 

1.  Satisfactory  results  are  obtained  by  the  spectroscopic  esti- 
mation of  lithium  according  to  the  methods  of  Ballmann^  Bell', 
or  Foehr*,  when  modified  by  applying  them  to  the  alkalies  extracted 
with  amyl  alcohol  by  the  Gooch  method. 

'  Zts.  anal.  Chem.,  1875,  14:  297. 
2  Amer.  Chem.  J.,  1885,  7:  35. 
'  Chem.  Ztg.,  1885,  9:  1013. 
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2.  Contrary  to  the  statement  of  RanzoliS  the  quantitative 
spectroscopic  method  is  not  found  preferable  to  the  Gooch  method 
for  weighable  amounts  of  lithium. 

3.  Approximate  spectroscopic  determinations  regularly  made  of 
quantities  of  lithium,  potassium,  barium,  strontium  and  calcium 
are  very  often  of  great  service  as  a  guide  to  the  proper  procedure 
in  analyses. 

»  Gaz.  chim.  ital.,  1901,  31  (l):  40. 
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THE    TENSILE    STRENGTHS    OF    THE    COPPER-ZINC 

ALLOYS 

By  Wilder  D.  Bancroft  and  J.  M.  Lohr 

Cornell  University. 

This  investigation  is  the  first  to  be  undertaken  to  establish 
the  relationship  between  the  constitution  of  the  copper-zinc 
alloys,  and  the  tensile  strength  of  the  cast  metal,  unworked  and 
without  heat-treatment.  Mallet,^  Thurston,^  Charpy,^  and  the 
Alloys  Research  Committee*  have  all  done  work  on  the 
tensile  strength  of  the  brasses,  but  their  work  has  differed  in 
character  from  that  reported  in  this  paper.  Mallet  and  Thurs- 
ton knew  nothing  about  the  equilibrium  diagram  as  it  stands 
to-day.  Charpy  worked  with  annealed  metal  and  the  Alloys 
Research  Committee  used  worked  metal  in  the  investigation. 

THE    EQUILIBRIUM    DIAGRAM 

In  Fig.  1,  is  shown  the  equiUbrium  diagram.  The  co-ordin- 
ates are  temperatures  and  percentage  composition.  The  upper 
heavy  line  A  B  C  D  E  F  G,  represents  the  freezing  curve  of  the 
molten  metal.  Between  it  and  the  dotted  lines  crystals  and 
melt  co-exist,  and  below  are  shown  the  various  phases  into  which 
the  metal  crystalhzes.  The  boundary  lines,  b2  ba,  bi,  b4,  Ci,b4, 
etc.,  have  been  established  by  annealing  cast  specimens  to  equilib- 
rium and  quenching  at  different  temperatures.  Consequently 
the  positions  of  these  lines  may  be  made  to  change  somewhat, 
depending  somewhat  upon  the  manner  of  treatment  of  the  metal. 
If  an  alloy  of  60  per  cent  copper  were  quenched  at  a  temperature 
of  800°,  it  would  consist  of  pure  B-metal;  if  quenched  at  some 
temperature  between  470°  and  740°,  it  would  consist  of  A  +  B 
crystals,  while  it  would  consist  of  A-l-B  crystals  if  quenched 
below  470°. 


iPhil.  Mag.  21,  66  (1842). 

^Thurston:  Materials  of  Engineering.     Part  3. 

'Bulletin  de  la  Soci^t^  d'Encouragement  I'Etude  des  AUiages. 

^Proc.  Inst.  Mech.  Engineers,  791  (1905). 
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Fig.  1. 

MATERIALS   AND   APPARATUS. 

The  crucibles  used  for  this  work  were  made  from  cylinders  of 
Acheson  graphite.  A  small  crucible  4  inches  in  diameter  and 
6  inches  in  height  (outside  dimensions)  was  used  for  the  melt. 
This  rested  in  a  larger  crucible  6  inches  in  diameter  and  8  inches 
high,  which  in  turn  was  packed  in  the  electric  resistance  fur- 
nace. This  permitted  the  crucible  containing  the  metal  to  be 
removed  without  tearing  out  the  flirnace  charge. 

The  dimensions  of  the  furnace  were  34  x  23  x  15  inches.  Its 
capacity  was  30  K  W.  It  was  built  of  Queen's  Run  fire  brick 
and  cement.  The  electrodes  were  made  of  Acheson  graphite 
2x4  inches  (made  up  of  2  x  2  inches)  and  extended  inward 
through  the  ends  of  the  furnace  about  7  inches  with  4  inches 
outside.  They  were  held  in  place  by  water-cooled  electrode 
holders.^  Fig.  2.  shows  a  top  view  of  the  furnace.  A  is  the 
brick  wall,  B  a  thick  Uning  of  siloxicon  to  prevent  loss  of  heat 
by  radiation,  D  the  space  occupied  by  granular  carbon,  C  cruci- 
bles, E  electrodes  and  F  electrode  holders.  A  thin  layer  of  sil- 
oxicon was  also  placed  above  and  below  the  granular  carbon. 
About  125  volts  was  used  at  the  beginning  of  a  run.     After  the 


iQiUett.  Jour.  Phys.  Chem.  15,  213  (1911). 
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furnace  became  heated  this  dropped  to  about  50  volts.     A  tem- 
perature of  1200°  could  easily  be  attained  in  this  furnace. 


=aq 


f%(^^y^      ■   s     ^v-"''Svib-'R-  /%»■  ^  %  ■».  ^      ■- 
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JE 


Fig.  2. 

The  moulds  were  also  made  of  Acheson  graphite.  Two  slabs 
1  X  5  X  17  inches  from  which  the  pattern  was  cut,  were  clamped 
together.  The  pattern  consisted  of  the  test  piece  proper,  a  riser 
and  a  centrifugal  sprew.  The  sprew  gave  the  metal  a  smooth 
gentle  flow  and  prevented  splashing.  It  also  prevented  parti- 
cles of  oxide  from  being  carried  into  the  test-piece. 

In  order  to  fill  the  mould  completely  it  was  necessary  to  in- 
cline it  at  an  angle  of  about  ten  degrees  from  the  horizontal  and 
to  heat  it.  By  inclining  it,  the  molten  metal  was  pushed  up  the 
incline,  thus  forcing  out  all  the  air.  It  was  necessary  to  heat 
the  mold  so  that  the  molten  metal  would  not  become  chilled 
upon  entering  it  and  thus  prevent  the  formation  of  a  perfect  test- 
piece.  The  heating  was  done  by  means  of  three  muffle  burners 
placed  vertically  in  a  frame  upon  which  the  mould  rested.  The 
intensity  of  the  heating  varied  from  below  dull  redness  for  the 
lower  melting  alloys  to  bright  redness  for  those  melting  at  higher 
temperatures. 

Oxidation  during  the  melting  was  cut  down  by  the  use  of  pow- 
dered charcoal  or  sodium  chloride,  and  by  passing  ifluminating 
gas  directly  into  the  crucible  through  the  cover.  To  prevent  the 
oxide,  which  formed  after  the  crucible  was  uncovered  for  pour- 
ing, from  being  carried  along  with  the  melt  into  the  mould,  the 
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metal  was  poured  from  the  bottom  of  the  crucible.  A  support 
was  arranged  so  that  the  crucible  could  be  held  stationary,  di- 
rectly over  the  mould.  The  pouring  was  then  done  through  a 
hole  in  the  bottom  of  the  crucible,  by  drawing  a  plug  which  ex- 
tended to  the  top.  The  mould  was  held  in  the  proper  position 
by  means  of  adjustable  iron  guards.  The  excess  metal  from  the 
crucible  ran  over  into  an  asbestos  trough  and  was  carried  into  a 
vessel  of  water. 


Top  Line  oT  Furnace 


Fig.  3. 

The  arrangement  of  the  apparatus  is  shown  in  Fig.  3.  A  is  the 
mould  resting  upon  graphite  blocks,  and  held  in  place  by  the 
movable  guards  E,  and  F.  A  section  of  the  crucible  B  is  shown 
with  the  hole  for  pouring  directly  over  the  mouth  of  the  mould. 
C  is  the  frame  holding  the  muffle  burners.  The  castings  were 
all  removed  from  the  mould  and  quenched  in  water  as  quickly 
as  possible,  in  order  to  decrease  the  size  of  the  crystals  and  there- 
fore obtain  greater  strengths. 

Electrolytic  copper  and  pure  Bertha  spelter  were  used  for  the 
test-pieces.  About  1600  grams  of  metal  were  used  for  one  charge. 
In  a  majority  of  the  pourings,  the  temperatures  were  taken.  A 
Hoskins  base  metal  thermo-couple  was  used. 

TESTING 

The  test-pieces  were  ten  inches  in  length  and  0.40  inch  in  diam- 
eter, with  grips  at  the  ends  0.75  inch  in  diameter.  The  test  sec- 
tion was  six  inches  long.  The  test-pieces  were  cast  ready  for 
testing,  to  avoid  the  necessity  of  machining. 
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The  diameters  of  the  test  sections  were  taken  both  before  the 
break  and  also  of  the  broken  ends.  From  these  measurements 
the  tensile  strengths  based  upon  the  original  areas,  as  well  as 
upon  the  reduced  areas,  were  computed. 

Ductilities  were  computed  from  5  inch  lengths  on  the  test 
sections. 

Each  piece  was  analyzed  electrolytically  for  copper,  and  the 
zinc  content  obtained  by  difference. 

Sections  of  various  test-pieces  throughout  the  series  were  ex- 
amined microscopically  to  locate  any  change  in  the  positions  of 
the  boundary  curves  between  the  different  fields. 
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RESULTS 

The  tensile  strengths  are  shown  graphically  together  with 
those  of  Mallet  and  Thurston  in  Fig.  4.  They  are  platted  with 
percentages  of  copper  against  pounds  per  square  inch.  Through- 
out the  00  -field  the  tenacity  remains  almost  uniform,  increasing 
a  little  more  than  5000  pounds  per  square  inch.  From  about 
35,000  pounds  per  square  inch  at  65  percent  copper  the  strengths 
increase  very  rapidly  to  a  maximum  of  71,000  pounds  per  square 
inch  in  the  /^-field  at  a  composition  of  55.4  percent  copper.    From 
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this  point  to  47.5  percent  copper  the  values  drop  suddenly  to 
about  24,000  pounds  per  square  inch.  On  account  of  the  brit- 
tleness  of  the  metal,  no  work  was  done  beyond  this  point. 

Mallet's  experiments  were  done  with  prisms  0.25  inch  square, 
and  included  no  tests  in  the  field  of  maximum  strength.  Thurs- 
ton's tests  were  made  with  test-pieces  cast  by  commercial  pro- 
cesses, and  not  necessarily  round  in  every  case.  Then,  too,  they 
were  slow-cooled,  and  consequently  in  the  region  of  maximum 
strength  the  /3  metal  probably  broke  down  into  oQ  +7  which  is 
brittle,  giving  low  values. 

The  microscopic  examination  showed  that  the  '^-phase  exists 
as  far  as  66  percent  copper.  The  «  +/S-phase  extends  from  this 
point  to  about  57  percent  copper,  while  the  pure  /9-phase  occurs 
between  57  and  50  percent  copper.  Comparison  with  the  equili- 
brium diagram  shows  that  the  boundaries  are  changed  some- 
what from  the  positions  they  occupy  under  equilibrium  condi- 
tions. This  is  due,  of  course,  to  the  method  of  rapid  cooling 
employed  in  this  work,  whereby  the  grain  size  of  the  metal  is 
reduced  and  the  strength  increased,  but  a  condition  of  equili- 
brium is  not  attained  before  quenching.  As  was  expected,  the 
changes  in  the  tensile  strengths  of  the  alloys  agree  very  well  with 
the  changes  in  the  internal  structure  as  brought  out  microscopi- 
cally. The  values  remain  pretty  uniform  throughout  the  oc  -field 
and  increase  very  rapidly  when  the  ^-phase  begins  to  appear 
at  about  66  percent  copper.  As  the  proportion  of  pure  ^  metal 
increases,  the  strength  continues  to  increase  until  a  maximum 
is  reached  in  the  field  for  pure  /8.  When  the  brittle  7  metal 
makes  its  appearance,  the  tensile  strengths  decrease  rapidly. 

In  Fig.  5  comparison  is  made  with  the  work  of  Charpy  on  an- 
nealed brasses  and  with  that  of  the  Alloys  Research  Committee 
(A.  R.)  on  worked  metals.  As  would  be  expected,  the  tensile 
strengths  of  the  worked  metal  are  greater  than  those  of  cast 
metal,  due,  of  course,  to  decrease  in  grain  size  brought  about  by 
working  the  metal.  On  the  other  hand  all  other  conditions  being 
equal,  annealed  brasses  should  give  lower  values,  than  those 
resulting  from  castings  without  heat  treatment.  This  would 
naturally  result  from  the  increase  grain  size.  Therefore, 
Charpy's  high  results  must  undoubtedly  be  due  to  the  small 
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size  of  the  test-pieces  which  he  used.  They  were  5  mm  in  diame- 
ter, which  is  one-fourth  the  cross  section  of  those  in  this  work. 
Mallet's  abnormally  high  value  for  cast  copper  may  also  be  ac- 
counted for  in  the  same  manner. 
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Some  very  high  tensile  strengths  were  obtained  from  the  re- 
duced areas  of  the  test-pieces.  In  many  cases  they  were  twice 
the  regular  values.  The  maximum  for  these  values  was  135,000 
pounds  per  square  inch,  with  a  composition  of  60  percent  copper. 
The  ductility  curve  is  shown  in  Fig.  6.  This  rises  gradually 
with  the  addition  of  zinc  attaining  a  maximum  of  36  percent  at 
about  65  percent  copper.  It  then  drops  suddenly,  and  gradu- 
ally falls  off  to  almost  zero. 

The  best  results  were  obtained  by  pouring  the  metal  at  tem- 
peratures within  the  range  between  100°  and  200°  above  the 
freezing  curve  or  liquidus. 

CONCLUSIONS 

The  following  conclusions  may  be  drawn  from  the  results  of 
this  work: 

1.  A  study  of  the  tensile  strengths  of  the  brasses  containing 
47.5  to  100  percent  copper  has  been  made. 

2.  The  X  brasses  give  almost  a  constant  value  for  the  tensile 
strengths.  1 

3.  The  maximum  tensile  strength  occurs  in  the  neighborhood 
of  a  55  percent  copper  alloy,  and  its  value  is  about  71,000  pounds 
per  square  inch. 

4.  The  B  alloys  give  the  highest  tensile  strength. 

5.  The  maximum  strength  does  not  occur  on  a  boundary  curve. 

6.  The  variations  in  the  tensile  strength  agree  very  closely 
with  the  constitution  of  the  alloys,  as  checked  up  by  the  microscope. 

7.  A  tensile  strength  of  137,000  pounds  per  square  inch,  as  ^ 
taken  from  the  fractured  ends,  has  been  obtained.  m 

8.  A  maximum  ductility  of  about  36  percent  elongation  has 
been  regularly  obtained.  One  piece,  however,  showed  an  elon- 
gation of  60.4  percent,  but  could  not  be  duphcated. 

9.  It  is  possible  to  obtain  a  cast  brass  having  an  ultimate  ten- 
sile strength  of  71,000  pounds  per  square  inch,  and  an  ultimate 
elongation  of  14.8  percent;  or,  a  brass  having  an  ultimate  ten- 
sile strength  of  over  36,000  pounds  per  square  inch  and  an  ulti- 
mate elongation  of  35.6  percent. 

10.  A  method  for  continuous  pouring  of  metal  has  been  de-j 
vised. 

11.  The  effect  of  temperature  of  pouring  has  been  investigated.' 


EXTRACTION  OF  THORIA 

By  Charles  Baskerville 

College  of  City  of  N.  Y.,  New  York  City,  N.  Y. 

Thorium  dioxide  is  obtained  in  the  main  from  monazite  sands, 
which,  in  round  numbers,  may  be  said  to  have  this  composition: — 

P2O5  (phosphates)  29  per  cent. 

Ce203  (earths)  31  per  cent. 

Di203  (earths)  31  per  cent. 

Si02  (silicates)  1 .  50  per  cent. 

Th02  (silicates  and  perhaps  phosphates)  6.50  per  cent. 

In  the  winning  it  is  necessary  to  get  rid  of  the  phosphorus  com- 
pounds as  they  materially  interfere  with  the  efficiency  of  the 
thoria  when  used  for  mantles.  This  is  usually  accomplished  by 
converting  the  earths  into  insoluble  oxalates  after  solution  of  the 
sand.  Other  methods  have  been  proposed  and  some  are  now  used 
commercially  for  avoiding  this  by  fusion  with  alkaline  carbonates 
and  leaching  the  phosphates  out  with  water,  dissolving  the  residue 
in  suitable  acids,  and  then  making  the  separation  of  the  earths. 

Troost^  prepared  thorium  carbide  (ThC2)  by  heating  the  oxide 
with  carbon.  Moissan  and  Etard^  made  elaborate  studies  on  the 
formation  and  properties  of  thorium  carbide.  Muthmann, 
Hof er  and  Weiss^  fused  monazite  sand  with  carbon  and  dissolved 
the  carbides  and  phosphides  obtained  in  hydrochloric  acid. 
Whereas  the  objectionable  phosphoric  compounds  are  removed  in 
this  manner,  other  practical  difficulties  arise,  one  being  the  hard- 
ness of  the  product  which  involves  expense  in  grinding  the  fused 
product. 

The  work  of  Kress  and  Metzger*  indicates  that  thorium  does 
not  occur  as  the  silicate  in  monazite.    It  is  a  fact,  however,  that 

iCompt.  rend.,  1893,  116,  1227. 

^Ann.  chim.  phys.,  1896,  (VII),  9,  302;  and  1897,  (VII),  12,  427;  Compt. 
rend.,  1896,  122,  573  and  1462. 
^Ann.,  1901,  320,  260;  German  Patent  129,416,  Aug.,  1901. 
*J.  Am.  Chem.  Soc.,  1909,  31,  640. 

2  17 


18  Original  Communications :  Eighth  International        [vol. 

silica  or  silicate  is  a  constant,  but  variable,  constituent  of  the 
sand  and  must  be  taken  care  of,  whatever  means  of  extraction  is 
applied.  When  the  carbides  are  made  by  electric  fusion  of  the 
sand  with  carbon  some  silicon  carbide  is  produced  which  cuts 
the  grinding  machinery  in  the  later  process  of  pulverizing.  We 
have  found  that  the  addition  of  a  small  amount  of  fluorspar 
reduces  this  difficulty,  yet  the  expense  of  some  grinding  remains. 
In  order  to  reduce  this  expense  to  a  minimum,  I  decided  to 
deliberately  produce  calcium  carbide  within  the  mass,  which, 
when  thrown  into  water,  would  disintegrate.^  Although  Moissan 
has  shown  that  thorium  and  the  rare  earth  (?)  carbides  are 
attacked  by  water,  the  speed  of  the  reaction  is  very  much  less 
than  with  calcium  carbide  and  is  also  much  dependent  upon  the 
fineness  of  the  particles.  Hence  comparatively  little  of  the 
thorium  and  rare  earth  (?)  carbides  would  be  decomposed  by  such 
treatment.  Many  experiments  were  carried  out,  with  theoretical 
and  practical  mixtures,  in  various  types  of  furnaces  (Stokem, 
Moissan,  Heroult,  and  resistance)  with  direct  and  alternating 
currents.  The  numerous  experimental  details^  need  not  be  recited. 
Suffice  it  to  say  that  a  satisfactory  charge  may  be  had  with  a  sand 
of  the  approximate  composition  given  above  as  follows : 

Monazite  sand  1.0    lb. 

Carbon  (Petroleum  coke)  1.10  lb. 

Lime  0.80  lb. 

Fluorspar  0.15  lb. 

The  best  results  were  obtained  with  such  charges  by  using  a 
current  of  35  volts  and  125  amperes  for  one  and  one-half  hours. 

The  procedure  is  as  follows: 

The  mixture  (unground  sand  being  used)  is  made  according  to 
the  principles  outlined  above,  and  then  subjected  to  electric  heat 
until  phosphorus  ceases  to  come  off.^  The  mass  is  allowed 
to  cool  and  then  to  decompose  slowly  by  exposure  to  the  air  or 


^Application  for  letters  patent  on  this  method  of  disintegration  of  fused 
masses  has  been  made. 

-The  experimental  work  was  done  by  Mr.  S.  G.  Warner  of  my  staff. 
'This  phosphorus  may  be  condensed. 
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quickly  by  placing  in  water.  In  the  latter  case  the  acetylene  may 
be  utilized,  the  mass  falling  to  a  fine  powder.  The  dissolved  and 
suspended  calcium  hydroxide  are  removed  by  washing.  The 
residue  is  treated  with  hydrochloric  acid  and  the  thorium  sepa- 
rated from  the  solution  by  sodium  thiosulphate  or  other  methods. 
The  process  is  controlled  by  the  Welsbach  Light  Co.,  of  Glouces- 
ter City,  N.  J.,  and  is  published  with  their  consent  and  approval. 


A   REVISION   OF    THE    ATOMIC    WEIGHT   OF   PHOS- 
PHORUS.—THE  ANALYSIS  OF  PHOS- 
PHORUS TRICHLORIDE 

By  Gregory  Paul  Baxter  and  Charles  James  Moore 
Harvard  University,  Cambridge,  Mass. 

In  two  recent  investigations  in  this  laboratory  trisilver  phos- 
phate^ and  phosphorus  tribromide^  have  been  analyzed  with  the 
following  results  for  the  atomic  weight  of  phosphorus : 


Ag   =   107.88 

Ag   = 

107.87 

Ag  = 

107.86 

Ag3  PO4 

P    =     31.04 

31.03 

31.02 

PBrs 

P    =     31.027 

31.024 

31.021 

While  the  agreement  between  the  values  yielded  by  the  two 
researches  is  reasonably  close,  yet  because  of  the  low  percentage 
of  phosphorus  in  both  compounds,  7.7  and  11.5  respectively,  and 
the  consequent  magnification  of  the  percentage  experimental 
error  in  calculating  the  atomic  weight  of  phosphorus,  the  subject 
has  been  further  investigated  by  the  analysis  of  phosphorus  tri- 
chloride. This  substance  contains  a  higher  percentage  of  phos- 
phorus than  either  the  phosphate  or  tribromide,  22.6,  and  might 
be  expected  therefore  to  yield  results  of  fully  as  much  value  as 
those  given  by  the  other  two  compounds. 

Silver  phosphate  and  phosphorus  tribromide  are  compounds 
of  so  different  character,  containing  phosphorus  in  two  states 
of  valence,  and  the  analytical  processes  were  so  different,  that 
there  is  little  probability  that  both  methods  were  affected  by 
constant  errors  to  the  same  extent.  Yet  any  uncertainty  of  this 
sort  would  be  further  removed  if  still  a  third  method  is  found  to  be 
in  accord  with  the  first  two. 

The  method  of  preparing  and  analyzing  phosphorus  trichloride 
was  very  similar  to  the  one  previously  employed  with  the  tri- 

iBaxter  and  Jones,  Proc.  Am.  Acad.,  45,  137  (1910);  Journ.  Amer.  Chem. 
Soc,  32,  268;  Zeit.  anorg.  Chem.,  66,  97. 

^Baxter,  Moore  and  Boylaton,  Proc.  Am.  Acad.,  47,  385  (1912)  Journ. 
Amer.  Chem.  Soc,  34,  259;  Zeit.  anorg.  Chem.  74,  365. 
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bromide.  Phosphorus  trichloride  was  synthesized  from  pure  dry 
phosphorus  and  a  very  slight  excess  of  pure  dry  chlorine  in  a 
vacuum.  The  product  was  freed  from  the  less  volatile  pentachlor- 
ide  by  fractional  distillation  in  a  vacuum.  A  series  of  fractions 
was  then  collected  and  analyzed  for  chlorine  in  the  usual  way,  after 
decomposition  with  water  and  oxidation  of  the  phosphorous  acid 
produced. 

Purification  of  Materials 

Water. — All  the  water  used  in  this  research  was  prepared  from 
the  laboratory  supply  of  distilled  water  by  further  distillation, 
first  from  an  alkaline  permanganate  solution,  and  then  a  second 
time,  after  the  addition  of  a  trace  of  sulphuric  acid,  through  a 
block  tin  condenser.  No  rubber  or  cork  was  used  in  the  connec- 
tion between  the  condenser  tube  and  the  Jena  glass  still. 

Ammonia. — The  best  commercial  ammonia  was  distilled  into 
the  purest  water. 

Nitric  add. — C.  P.  concentrated  acid  was  distilled  through  a 
platinum  condenser,  with  rejection  of  the  first  two  thirds  of  the 
distillate.  It  was  always  carefully  tested  in  a  nephelometer  for 
traces  of  halogens. 

Chlorine. — This  substance  was  prepared  by  warming  C.  P. 
concentrated  hydrochloric  acid  with  granulated  manganese 
dioxide.  In  order  to  remove  hydrochloric  acid,  the  gas  was 
scrubbed  with  water  in  two  large  gas  washing  bottles  and  two 
towers  filled  with  moist  glass  pearls.  Drying  took  place  in  two 
towers  filled  with  glass  pearls  drenched  with  concentrated  sul- 
phuric acid  and  a  long  tube  filled  with  resublimed  phosphorus 
pentoxide.  Finally  the  gas  was  condensed  to  the  liquid  state  in  a 
bulb  cooled  to  a  temperature  of  about  — 78°  by  immersion  in  a 
bath  of  solid  carbon  dioxide  and  alcohol.  The  preparation  and 
purification  of  the  chlorine  took  place  in  an  apparatus  constructed 
wholly  of  glass,  with  ground  stoppers  and  connections  throughout. 

On  account  of  the  ready  action  of  moisture  on  the  halides  of 
phosphorus  it  was  particularly  necessary  to  dry  the  chlorine  as 
completely  as  possible.  Hydrochloric  acid  also  was  undesirable, 
since  its  elimination  from  the  trichloride  by  distillation  would  be 
somewhat  uncertain.    Air  and  carbon  dioxide  were  of  lesser  impor- 
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tance.  However,  the  air  at  any  rate  must  have  been  largely 
removed  during  the  liquefaction  of  the  gas. 

Phosphorus.  As  in  the  previous  research,  phosphorus  was  puri- 
fied by  distillation  with  steam  at  atmospheric  pressure  in  an 
apparatus  constructed  wholly  of  glass.  The  purified  material  was 
preserved  under  water  until  used.  Similar  phosphorus  was  found 
in  the  earlier  work  to  be  essentially  free  from  arsenic.^  The  mate- 
rial used  in  the  synthesis  of  the  first  series  of  fractions  of  phos- 
phorus trichloride  was  once  distilled,  that  used  in  the  second 
twice. 

Silver.  The  same  preparation  of  silver  was  used  here  that  was 
employed  in  the  tribromide  analyses.  The  method  of  purifica- 
tion consisted  in  double  precipitation  as  chloride,  precipitation 
as  metal  by  ammonium  formate,  and  electrolytic  deposition. 
The  electrolytic  crystals  were  fused  in  a  current  of  hydrogen  on  a 
boat  of  pure  lime,  and  finally,  after  cleansing  with  nitric  acid, 
the  buttons  were  dried  in  a  vacuum  at  about  400°. 

Hydrogen  Peroxide.  Merck's  "  Perhydrol,"  containing  30 
per  cent,  hydrogen  peroxide,  was  found  to  be  free  from  sulphuric 
acid  and  halogens  and  to  leave  no  residue  upon  evaporation. 
Hence  it  was  employed  without  further  treatment. 

Nitrogen.  Atmospheric  nitrogen  free  from  oxygen  was 
obtained  by  Wanklyn's  well-known  method  of  passing  air  through 
very  concentrated  ammonia  solution,  and  then  over  hot  copper 
gauze  in  a  hard  glass  tube.  The  excess  of  ammonia  was  removed 
by  scrubbing  ^vith  a  dilute  solution  of  sulphuric  acid  in  three 
large  gas-washing  bottles.  Since  hydrogen  is  formed  by  the 
catalytic  decomposition  of  a  portion  of  the  excess  of  ammonia, 
this  impurity  was  oxidized  in  a  hard  glass  tube  filled  with  red  hot 
copper  oxide,  and  the  gas  was  then  dried  in  six  towers  filled 
with  beads  drenched  with  concentrated  sulphuric  acid  and  in  a 
long  tube  filled  with  resublimed  phosphorus  pentoxide.  Finally 
the  gas  was  passed  through  a  third  hard  glass  tube  filled  with  hot 
copper  to  combine  with  any  last  trace  of  oxygen.  The  apparatus 
in  which  these  operations  were  carried  out  was  constructed 
entirely  of  glass  with  ground  glass  connections  throughout. 

iProc.  Anier.  Acad.,  47,  587  (1912);  Joiirn.  Amer.  Chem.  Soc,  34,  259; 
Zeit.  anorg.  Chem.,  74,  365. 
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The  Preparation  of  Phosphorus  Trichloride 

Although  the  phosphorus  trichloride  was  made  in  the  same 
way  as  the  tribromide,  by  allowing  a  slight  excess  of  pure  dry 
chlorine  to  react  with  pure  dry  phosphorus  in  a  vacuum,  the  prob- 
lem of  freeing  the  trichloride  from  pentachloride  differed  some- 
what from  the  preparation  of  the  tribromide  free  from  penta- 
bromide.  When  the  tribromide  is  distilled,  even  in  a  vacuum, 
any  pentabromide  present  is  largely  dissociated  into  tribromide 
and  bromine  so  that  the  excess  of  bromine  may  be  removed  with 
the  first  fractions  by  distillation.  With  the  pentachloride,  how- 
ever, the  dissociation  is  very  much  less  at  the  same  temperature 
and  since  the  trichloride  boils  nearly  one  hundred  degrees  lower 
at  atmospheric  pressure  than  the  tribromide,  the  conditions  were 
far  less  favorable  for  the  elimination  of  pentachloride  by  decom- 
position. On  the  other  hand  the  inappreciable  dissociation  of  the 
pentachloride  at  room  temperatures  and  the  slight  volatility  of 
this  substance  facilitates  the  separation  of  the  tri-  and  pentachlo- 
ride by  simple  fractional  distillation,  for  the  pentachloride  accom- 
panies the  relatively  very  volatile  trichloride  to  only  a  barely 
perceptible  extent. 

The  synthesis  of  the  trichloride  was  effected  in  an  apparatus 
constructed  entirely  of  glass,  shown  in  the  figure  on  page  25. 
About  25  grams  of  phosphorus  were  freed  as  completely  as 
possible  from  water  by  cooling  and  pressing  between  the  folds 
of  hardened  filter  paper.  Then  it  was  weighed  to  a  centigram 
and  placed  in  the  distilling  flask  G,  which  had  previously  been 
filled  with  nitrogen  through  the  stopcock  T.  The  flask  was 
fitted  to  the  well-ground  and  polished  joint  F,  but  it  was  not  con- 
nected to  the  remainder  of  the  apparatus  at  H,  and  the  constricted 
tube  J  opened  into  the  air. 

In  order  to  dry  the  phosphorus  completely,  the  flask  was  sur- 
rounded with  boiling  water  and  for  four  hours  a  slow  current  of 
pure  dry  nitrogen  was  forced  in  at  T  and  flowed  out  at  the  end  of 
the  constricted  tube  J.  The  melted  phosphorus  was  agitated 
from  time  to  time  by  shaking  the  flask  in  order  to  liberate  any 
steam  which  might  have  been  mechanically  entangled  and  to 
bring  new  material  to  the  surface  of  the  phosphorus.     During 
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this  operation  a  portion  of  the  phosphorus  distilled  into  the  cool 
tube  J,  and  a  small  amount  was  vaporized  into  the  air.  Probably, 
too,  small  amounts  of  acids  of  phosphorus  were  produced  since 
slight  oxidation  of  the  phosphorus  necessarily  took  place  while  it 
was  being  introduced  into  the  flask.  As  soon  as  the  phosphorus 
had  been  dried  in  this  way,  the  end  of  the  constricted  tube  J  was 
sealed,  the  stopcock  T  was  closed  and  the  flask,  after  being  cooled, 
was  exhausted  as  completely  as  possible  through  the  stopcocks 
E  and  V  by  means  of  the  Topler  pump  X.  All  the  ground  glass 
joints  were  made  gas  tight  by  means  of  a  minimum  quantity  of 
syrupy  phosphoric  acid,  and  outside  this,  to  prevent  the  absorp- 
tion of  moisture,  soft  paraffin  was  smeared. 


PnosPHORtrs  Trichloride  Apparatus 
In  the  meantime  the  bulb  B  was  being  filled  with  liquid  chlorine 
in  the  fashion  already  described.  A  considerable  excess  of  this 
substance  was  collected  at  first.  The  bulb  was  then  suspended  on  a 
balance  and  the  excess  of  chlorine  was  allowed  to  evaporate. 
When  the  weight  of  the  residual  chlorine  was  0.3-0.4  gram  larger 
than  the  amount  theoretically  equivalent  to  the  phosphorus,  the 
bulb  was  again  plunged  into  the  alcohol-carbon  dioxide  bath  to 
check  the  evaporation.  Next  the  bulb  B  was  connected  with  the 
remainder  of  the  apparatus  by  the  joint  C.  The  stopcock  A 
was  closed  and  the  bulb  B  was  still  further  cooled  with  liquid  air. 
At  this  temperature,  the  chlorine  not  only  becomes  soHd  but  its 
vapor  pressure  becomes  so  low  that  when  the  bulb  B  was  ex- 
hausted through  the  stopcocks  B  and  V,  while  E  remained  closed, 
the  mercury  of  the  pump  showed  no  signs  of  attack. 
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The  stopcock  V  was  now  closed  and  E  was  opened  so  as  to 
establish  communication  between  the  bulbs  B  and  the  flask  G. 
Then  the  liquid  air  bath  was  removed  from  B  and  the  chlorine 
was  allowed  to  absorb  heat  slowly,  but  b}'  occasional  immersion 
in  alcohol  and  carbon  dioxide  the  temperature  of  the  chlorine  was 
prevented  from  exceeding  —40°.  At  first  the  phosphorus  was 
only  slowly  affected  by  the  chlorine  but  once  the  reaction  was 
started  by  warming  the  phosphorus  gently,  it  progressed  rapidly 
to  completion;  so  rapidly  in  fact,  that  it  was  necessary  to  cool  the 
flask  G  with  water  in  order  to  prevent  rapid  volatilization  of  the 
trichloride  formed.  While  the  reaction  was  progressing,  a  large 
amount  of  the  while  solid  pentachloride  formed  on  the  walls  of  the 
flask,  but  at  the  end  of  the  synthesis  this  pentachloride  was  dis- 
solved in  the  liquid  trichloride  by  gently  shaking  and  warming 
the  flask  nearly  to  the  boiling  point  of  the  trichloride  at  atmos- 
pheric pressure.  The  unchanged  phosphorus  still  remaining  then 
was  able  to  convert  the  greater  part  of  this  pentachloride  to  tri- 
chloride. The  flask  was  filled  with  nitrogen  and  allowed  to  stand 
over  night. 

The  next  morning  the  flask  and  its  contents  were  cooled  with 
solid  carbon  dioxide  and  alcohol,  and  nitrogen  was  admitted 
through  T  until  the  internal  pressure  was  greater  than  atmos- 
pheric. Then  the  end  of  the  constricted  tube  J  was  cut  off,  and 
the  remainder  of  the  apparatus,  which  had  previously  been  filled 
with  nitrogen,  was  attached  by  the  joint  H.  Next  the  bulbs  G, 
K,  L,  M,  N,  and  R  were  exhausted  through  S,  while  stopcocks 
D,  E,  T,  V,  and  W  were  closed.  In  order  to  prevent  access  of 
chlorine  or  phosphorus  trichloride  to  the  pump,  the  bulb  R  was 
immersed  in  liquid  air.  The  pump  was  further  protected  by  a 
tube  containing  solid  potassium  hydroxide. 

During  the  fractional  distillation  of  the  trichloride,  the  bulbs 
1  to  10,  in  which  the  final  fractions  of  trichloride  were  to  be  col- 
lected, were  protected  from  contact  with  the  first  fractions. 
This  was  effected  by  maintaining  nitrogen  at  atmospheric  pres- 
sure beyond  the  valve  O.  This  valve  was  very  well  ground  and 
polished  so  as  to  be  nearly  gas  tight  without  any  lubricant.  The 
very  slight  leakage  which  occurred  produced  a  slow  reverse  cur- 
rent of  nitrogen  through  the  valve  into  the  pump  by  way  of  the 
bulb  R. 
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Under  as  low  a  pressure  as  could  be  maintained  by  the  pump 
the  trichloride  was  distilled  from  G  to  K  by  warming  G  to  about 
15°  and  cooling  K  to  — 78°.  When  about  four-fifths  of  the  tri- 
chloride had  been  distilled  into  K,  this  bulb  was  warmed  to  15° 
while  L  was  cooled  to  — 78°.  Again  four-fifths  of  the  trichloride 
in  K  was  collected  in  L.  At  this  point  K  was  cooled  and  the  capil- 
lary between  K  and  L  was  sealed.  In  this  way  the  residues  of  the 
first  two  distillations  were  cut  off  completely  from  the  rest  of  the 
apparatus.  It  is  certain  that  the  trichloride  originally  contained 
pentachloride  because  a  white  incrustation  appeared  on  the  sides 
of  G  toward  the  end  of  the  first  distillation.  The  distillation  was 
continued  from  L  to  M  and  from  N  to  M,  the  last  fifth  being 
rejected  in  each  distillation  by  sealing  off  the  containing  flask. 
Thus  the  greater  part  of  the  less  volatile  pentachloride  was  elimi- 
nated. Next,  in  order  to  expel  the  more  volatile  impurities  such 
as  hydrochloric  acid,  if  present  at  all,  about  one-quarter  of  the 
remainder  was  distilled  into  the  bulb  R  and  this  bulb  was  then 
cut  off  bj'-  sealing  the  capillary. 

The  purification  of  the  trichloride  was  now  considered  complete, 
so  that  the  next  step  consisted  in  filling  the  numbered  bulbs  by 
distillation.  The  bulb  N  was  cooled  to  — 78°,  the  bulb  P  was 
immersed  in  liquid  air  to  protect  the  pump  and  the  train  of  bulbs 
was  exhausted  through  the  U-tube  Q,  containing  resublimed 
phosphorus  pentoxide,  and  the  stopcock  W.  The  valve  O,  inside 
which  a  piece  of  soft  iron  had  originally  been  sealed,  could  now  be 
pulled  from  its  seat  by  means  of  a  magnet.  When  the  remaining 
system  had  been  exhausted  as  completely  as  possible,  the  right 
hand  capillary  of  the  bulb  10  was  sealed.  The  weighing  bulbs 
were  now  filled  in  order  beginning  with  10,  by  warming  the  bulb 
N  to  15°  and  cooling  the  bulbs  in  turn  to  — 78°.  Each  of  the 
numbered  bulbs  was  about  four-fifths  filled  with  trichloride.  As 
soon  as  four  bulbs  had  been  filled  they  were  sealed  off  as  a  unit, 
and  the  next  four  to  be  filled  were  treated  in  the  same  way.  Fin- 
ally, while  the  trichloride  was  still  cold,  each  individual  bulb  was 
sealed  off  at  the  capillaries.  Great  care  was  taken  in  sealing  the 
capillaries  to  avoid  decomposition  of  the  trichloride  by  unnecess- 
ary heating.  There  never  was  any  sign  of  decomposition  of  the 
trichloride  during  the  process. 
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The  trichloride  was  a  colorless  highly  refractive  liquid  which 
gave  every  outward  evidence  of  purity,  and  showed  no  change 
in  appearance  on  long  standing.  One  of  the  rejected  residues  was 
left  in  the  sunlight  for  several  months  without  showing  any 
sign  of  decomposition. 

Two  series  of  fractions  of  phosphorus  trichloride  were  prepared. 
In  the  first  series  only  hght  bulbs  were  available  for  collecting 
the  material,  and  as  more  than  enough  trichloride  to  fill  all  these 
bulbs  was  contained  in  N.  the  residue  from  the  distillation  could 
not  be  analyzed.  Furthermore  in  this  first  preparation  the  bulbs 
K,  L  and  M  contained  tiny  crystals  of  electrolytic  silver.  This 
was  introduced  to  assist  in  the  elimination  of  the  pentachloride 
by  combining  with  the  chlorine,  but  as  it  seemed  in  practice  to 
serve  no  useful  purpose,  it  was  omitted  in  making  the  second 
preparation.  In  the  second  experiment,  however,  twelve  bulbs 
were  actually  available  and  the  material  in  N  was  sufficient  only 
to  fill  ten.  As  soon  as  the  last  nine  had  been  filled,  instead  of  dis- 
tilling the  residue  into  the  third  bulb,  it  was  distilled  into  the 
second.  When  all  the  trichloride  has  disappeared  from  N  a  slight 
white  solid  residue  appeared,  showing  that  in  spite  of  all  precau- 
tions, a  trace  of  pentachloride  had  accompanied  the  trichloride 
even  in  the  fourth  distillation.  Since  it  seemed  probable  that  the 
last  fraction  contained  pentachloride,  it  was  again  distilled  from 
bulb  2  into  bulb  3,  a  small  residue  being  rejected. 

The    Determination   of   the   Weight  of   the    Trichloride 
AND  ITS  Analysis 

The  analysis  of  the  trichloride  followed  very  closely  the  proce- 
dure employed  with  the  tribromide.  First  the  trichloride  was 
decomposed  with  water,  then,  on  account  of  the  reducing  effect 
of  phosphorus  acid  on  silver  salts,  the  phosphorus  acid  was  oxi- 
dized with  hydrogen  peroxide  and  nitric  acid.  Finally  the  chlo- 
ride was  precipitated  with  a  weighed  equivalent  amount  of  pure 
silver  and  the  silver  chloride  was  weighed.  Since  the  determina- 
tion of  the  weight  of  trichloride  and  its  analysis  are  very  inti- 
mately connected,  they  are  described  together. 

The  weight  of  the  trichloride  was  found  in  each  analysis  by 
weighing  the  bulb  with  its  contents  and  then,  after  breaking  the 
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bulb,  collecting  and  weighing  the  glass.  The  bulb  was  first  care- 
fully cleaned  on  the  outside  and  dried,  and  left  in  a  desiccator 
over  sulphuric  acid  for  at  least  twenty-four  hours.  Its  weight  in 
air  was  then  found  by  substituting  standardized  weights  for  the 
bulb  on  the  balance.  The  buoyant  effect  of  the  air  was  estimated 
by  finding  the  volume  of  the  bulb  in  the  usual  way  from  the  loss 
in  weight  under  water  of  known  temperature.  The  conditions 
of  the  atmosphere  were  taken  into  account  in  calculating  the 
buoyant  effect  of  the  air  on  the  bulbs  and  weights.  Since  the 
bulb  was  exhausted  when  sealed  no  correction  is  necessary  for  the 
space  in  the  bulb  not  filled  with  liquid. 

After  the  bulb  had  been  weighed  and  its  volume  determined, 
it  was  placed  in  a  1000  c«.  thick-walled  Erlenmeyer  flask  together 
with  somewhat  over  200  cc.  of  redistilled  ammonia  and  10  cc.  of 
pure  30  per  cent,  hydrogen  dioxide.  The  flask  was  warmed  to 
about  60°,  then,  after  a  glass  stopper  which  had  been  carefully 
ground  into  the  neck  of  the  flask  had  been  inserted,  and  the 
flask  cooled  to  0°,  it  was  shaken  violently  enough  to  break  the 
bulb.  The  heavy  trichloride  reacted  quietly  at  the  bottom  of  the 
aqueous  solution,  until  at  the  end  of  five  minutes  decomposition 
was  complete.  The  flask  was  then  allowed  to  stand  twenty-four 
hours,  with  occasional  shaking.  This  long  standing  was  necess- 
ary to  allow  a  small  quantity  of  ammonium  chloride  fumes  to  be 
collected  in  the  aqueous  solution.  The  precaution  of  cooling  to 
0°  was  found  advisable  because  the  reaction  was  too  violent  at 
room  temperature. 

The  flask,  cooled  to  produce  inward  pressure,  was  next  care- 
fully opened  and  the  solution  was  filtered  into  a  three-liter  ground 
stoppered  precipitating  flask,  while  the  particles  of  glass  were  col- 
lected upon  a  small  filter  paper.  This  paper  was  very  thoroughly 
rinsed  with  pure  water  until  the  filtrate  and  washings  amounted 
to  about  1200  cc. 

In  order  to  find  the  weight  of  the  glass  the  filter  was  burned  at 
as  low  a  temperature  as  possible  in  a  weighed  platinum  crucible. 
When  the  weight  of  the  glass,  corrected  to  vacuum,  was  sub- 
tracted from  the  corrected  weight  of  the  bulb  and  the  trichloride, 
the  weight  of  the  trichloride  in  vacuum  was  obtained.  In  the 
investigation  upon  the  tribromide  it  was  shown  by  several  blank 
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experiments  that  this  method  of  collecting  the  glass  aiid  finding 
the  weight  of  the  trichloride  is  a  satisfactory  one. 

The  filtrate  containing  ammonium  chloride  was  next  acidified 
by  the  addition  of  about  40  cc.  of  concentrated  nitric  acid  which 
had  been  diluted  to  about  300  cc.  In  order  to  avoid  possible  loss 
of  chlorine,  the  acid  was  poured  into  the  solution  through  a  thistle 
tube,  the  stem  of  which  extended  to  the  bottom  of  the  flask. 
Thus,  any  chlorine  locally  set  free  by  the  nitric  acid  was  reduced 
by  the  phosphorus  acid  still  remaining.  There  was,  however, 
never  any  evidence  that  chlorine  was  set  free  even  locally  by  the 
nitric  acid. 

The  solution  was  allowed  to  stand  for  48  hours  before  precipita- 
tion, in  order  to  allow  the  oxidation  of  the  phosphorous  acid  to 
become  as  nearly  as  possible  complete,  because  in  the  tribromide 
work  this  delay  was  found  advisable. 

A  quantity  of  silver  equivalent  to  the  trichloride  within  a  very 
few  tenths  of  a  milligram  was  weighed  out  and  dissolved  in  nitric 
acid  in  a  flask  fitted  with  a  column  of  bulbs  to  prevent  loss  of 
material  by  spattering.  After  the  silver  solution  had  been  freed 
from  oxides  of  nitrogen  by  dilution  and  heating,  about  40  cc.  of 
concentrated  nitric  acid  were  added  and  the  whole  was  diluted  to 
a  volume  of  about  one  liter.  The  silver  solution  was  then  quan- 
titatively added  to  the  chloride  solution  with  constant  agitation, 
and  the  stoppered  precipitating  flask  was  allowed  to  stand  for 
several  days  with  occasional  shaking.  Then  the  solution  was 
cooled  to  0°  to  lower  the  solubility  of  the  silver  chloride  and  again 
allowed  to  stand  until  the  precipitate  had  coagulated  and  settled 
so  completely  that  the  supernatant  liquid  was  apparently  clear. 
Portions  of  the  solution  were  then  tested  in  a  nephelometer^  for 
excess  of  chloride  or  silver.  As  a  matter  of  fact,  chloride  was 
always  found  in  slight  excess.  The  deficiency  of  silver,  which 
was  never  more  than  a  few  tenths  of  a  milligram,  was  made  up  as 
nearly  as  could  be  estimated  by  means  of  a  hundredth  normal 
solution  of  silver  nitrate.  After  thorough  shaking  and  standing 
until  the  solution  was  clear,  tests  for  excess  of  chloride  or  silver 
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were  again  made.  If  necessary,  this  process  was  repeated,  until 
eventually  the  amounts  of  chloride  and  silver  were  equivalent. 

The  solution  was  now  allowed  to  stand  for  a  week  with  occa- 
sional shaking  and  then  was  tested  again  in  the  nephelometer. 
In  a  few  cases  a  deficiency  of  one  or  two-tenths  of  a  milligram  of 
silver  was  found,  owing  apparently  to  extraction  of  occluded 
soluble  chloride  from  the  silver  chloride.  This  deficiency  of  silver 
was  supplied  and  the  solution  was  left  for  another  week  before 
being  tested  again,  and  the  process  was  repeated  until  in  the  course 
of  a  week  no  further  change  in  the  solution  took  place.  In  a  few 
analyses  the  solutions  were  tested  over  a  period  of  eight  weeks 
but  in  no  case  was  an}^  appreciable  change  in  the  end  point  found 
after  it  had  remained  constant  for  a  week.  In  most  cases  the 
final  end  point  was  reached  within  two  weeks. 

In  a  number  of  analyses  both  the  chloride  and  silver  solutions 
were  cooled  to  0°  before  precipitation.  This  procedure  had  no 
perceptible  effect  on  the  result,  nor  did  it  seem  to  lengthen  appreci- 
ably the  period  necessary  for  reaching  a  permanent  end  point. 

Less  difiiculty  was  experienced  from  occlusion  by  the  silver 
chloride  in  this  research  than  by  the  silver  bromide  in  the  previous 
one.  The  amount  of  occluded  substance  seemed  to  be  smaller  and 
the  time  required  for  equilibrium  to  be  reached  was  less.  This  is 
probably  due  to  the  greater  solubility  of  the  chloride. 

As  soon  as  a  permanent  end  point  has  been  reached  in  an 
analysis,  the  silver  chloride  was  collected  and  determined.  Owing 
to  the  fact  that  silver  chloride  is  many  times  as  soluble  as  silver 
bromide,  more  diflaculty  was  experienced  in  finding  a  suitable 
method  for  its  determination,  and  the  first  series  of  anal3^ses 
were  sacrificed  in  unsuccessful  experiments. 

It  was  an  easy  matter  to  collect  the  precipitate  itself  upon  a 
Gooch-Munroe-Neubauer  crucible,  and  to  determine  its  weight 
after  drying  it  at  190°  for  some  hours.  Residual  moisture  was 
found  by  fusing  the  main  bulk  of  the  precipitate  and  determining 
the  loss  in  weight.  The  latter  was  never  as  much  as  O.OOG  per 
cent,  the  weight  of  the  salt. 

The  difficulty  lay  in  finding  the  silver  chloride  dissolved  in  the 
filtrate  and  washings.  In  Analyses  16  and  17,  after  filtration  of 
the  ice-cold  mother  liquor,  the  precipitate  was  washed  and  trans- 
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ferred  to  the  crucible  with  ice  cold  water.  The  filtrate  and  wash- 
ings, amounting  to  about  four  liters,  were  evaporated  to  very 
small  bulk,  until  the  excess  of  nitric  acid  has  been  expelled. 
After  dilution  and  filtration,  the  silver  was  deposited  electro- 
lytically  in  a  small  platinum  dish.  When  deposition  was  complete 
the  electrolyte  was  displaced  by  water  while  the  current  was  still 
running.  The  film  of  silver  was  then  dissolved  in  nitric  acid  and 
the  silver  precipitated  as  silver  iodide.  The  precipitate  was  col- 
lected on  a  small  Gooch-Munroe-Neubauer  crucible  and  weighed. 

The  filter  used  for  the  filtration  of  the  mother  liquor  before 
electrolysis  was  incinerated  and  after  the  ash  had  been  treated  with 
nitric  acid,  the  solution  was  added  to  the  solution  of  the  electroly- 
tic film.  The  mother  liquor  of  the  electrolysis  was  saturated  with 
pure  hydrogen  sulphide  gas  and  the  precipitate,  chiefly  sulphur, 
was  found,  after  incineration  of  the  paper,  to  be  free  from 
silver. 

Because  this  process  was  a  long  and  tedious  one,  the  experi- 
ment was  tried  of  reducing  the  solubility  of  the  silver  chloride  by 
means  of  an  excess  of  silver  nitrate  and  partially  v/ashing  the  pre- 
cipitate with  a  similar  solution.  This  method  is  the  usual  one  in 
treating  silver  halides  for  quantitative  purposes,  but  it  was  not 
attempted  here  at  first  because,  in  the  phosphorus  tribromide 
work,  even  a  slight  excess  of  silver  was  found  to  be  partially 
reduced  by  unoxidized  phosphorus  acid. 

To  our  great  satisfaction  this  method  was  successful.  The  sil- 
ver chloride  precipitate  was  perfectly  w^hite  both  before  and  after 
the  addition  of  the  silver  nitrate  and  remained  so  during  all  the 
subsequent  steps. 

When  the  end  point  had  been  reached,  an  excess  of  about,  0.1 
gram  of  silver  nitrate  in  solution  together  with  considerable  nitric 
acid  was  added  to  the  analysis.  The  flask  was  shaken  and  packed 
in  ice,  where  it  was  left,  with  occasional  shaking,  for  a  day.  The 
clear  solution  was  then  passed  through  the  crucible  and  the  pre- 
cipitate was  washed  three  times  with  a  solution  of  silver  nitrate 
containing  0.05  gram  per  liter,  and  once  with  pure  water.  The 
filtrate  and  these  four  washings  were  discarded  and  a  correction 
of  0.00001  gram  per  liter  was  applied  for  dissolved  silver  chloride. 
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Richards  and  Wells^  found  the  solubility  of  silver  chloride  in 
dilute  hydrochloric  acid  at  room  temperature  to  be  0.00003  gram 
per  liter,  but  as  Richards  and  Willard^  found  the  solubility  in 
water  at  0°  to  be  about  one  sixth  that  at  25°,  the  above  estimate 
seems  to  be  a  liberal  one  for  the  solubility  as  0°  in  dilute  silver 
nitrate.  The  precipitate  was  then  further  washed  with  pure 
water  eight  to  ten  times  and  transferred  to  the  crucible. 

The  silver  chloride  dissolved  in  the  wash  waters  was  carefully 
determined  by  comparison  with  standard  silver  solutions  in  a 
nephelometer.  The  unknown  and  the  standard  solutions  were 
both  treated  with  an  excess  of  ammonia  and  then  an  excess  of 
nitric  acid,  after  the  addition  of  an  excess  of  silver  solution,  and 
the  two  tubes  were  treated  in  as  nearly  as  possible  an  identical 
fashion. 

The  precipitating  flask  was  rinsed  with  ammonia,  and,  if  the 
solution  was  found  to  contain  silver,  the  quantity  was  determined 
in  a  similar  fashion  in  the  nephelometer  and  a  correction  applied. 

The  following  tables  contain  the  results  of  all  the  analyses  which 
met  with  no  accidents. 

Weighings  were  made  on  a  No.  10  Troemner  balance  sensitive 
to  a  very  few  hundredths  of  a  milligram,  while  the  gold-plated 
weights  were  carefully  standardized  to  hundredths  of  a  milli- 
gram by  the  method  described  by  Richards.^ 

Vacuum  corrections  were  applied  as  follows: 


Specific  gravity 

Vacuum  correction 

Weights 

8.3 

-F  0.000145 

AgCl 

5.56 

+  0.000071 

Ag 

10.49 

—  0.000030 

Glass 

2.5 

-1-0.000335 

In  the  calculation  the  atomic  weight  of  silver  is  assumed  to  be 
107,880  and  that  of  chlorine  35,457. 


iPub.   Car.   Inst.,   No.  28  (1905);  Jour.  Amer.  Chem.  Soc,  27,  459;  Zeit. 
anorg.  Chem.,  47,  56. 

2Pub.  Car.  Inst.,  No.  125  (1910);  Jour.  Amer.  Chem.  Soc,  32,  4;  Zeit.  anorg. 
Chem.,  66,  229. 

sjoum.  Am.  Chem.  Soc,  22,  144,  (1900). 
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Series  I.     PCI3:  3  Ag 


No.  of 
Anal- 
ysis 

1 
2 
3 
4 
5 
6 


9 
10 
11 
12 
13 
14 
15 


Frac- 
tion of 
PCIs 

1 

8 
4 
5 
2 

7 


16 
17 
18 
19 
20 
21 
22 
23 
24 


Weight  of 
PCI3  in 
vacuum 
grama 

3,60897 
3,49255 
3,80549 
4,64502 
3,99011 
3,38036 


Weight  of 

Ag  in 

vacuum 

grams 

8,50038 
8,22664 
8,96377 
10,94182 
9,39923 
7,96291 


Deficiency 
of  Ag 
gram 

0.00110 
0.00070 
0.00050 
0.00030 
0.00020 
0.00010 


Corrected 
weight  of 
Ag  in  vacu- 
um grams 

8,50148 
8,22734 
8,96427 
10,94212 
9,39943 
7,96301 


Average 


Series  II.     PCI3:  3  Ag 


3 
10 
4 
9 
5 
8 
1 
2 
6 


4,59507 
4,40117 
5,71561 
5,18668 
5,15583 
5,13108 
4,85457 
3,58844 
5,91915 


10,82411 
10,36751 
13,46368 
12,21784 
12,14525 
12,08685 
11,43585 
8,45324 
13,94317 


0.00030 
0.00020 
0.00040 
0.00030 
0.00030 
0.00040 
0.00000 
0.00000 
0.00060 


10,82441 
10,36771 
13,46408 
12,21814 
12,14555 
12,08725 
11,43585 
8,45324 
13,94377 


Average 


Ratio 
PCI3: 
3  Ag 

0.424511 
0.424505 
0.424517 
0.424508 
0.424505 
0.424508 
0.424509 


0.424510 
0.424508 
0.424508 
0.424506 
0.424504 
0.424504 
0.424505 
0.424505 
0.424502 
0.424506 


Series    III.     PCI3:  3  AgCl 


No. 

Frac- 

of 

tion 

Anal- 

of 

ysis 

PCI3 

3 

10 

4 


Weight 
of  PCI3 

in 

vacuimi 

grams 

4,59507 
4,40117 
5,71561 
5,18668 
5,15583 
5,13108 
4,85457 
3,58844 
5,91915 


Weight 
of  AgCl 

in 
vacuum 
grams 

14,37888 
13,77320 
17,88965 
16,23441 
16,13756 
16,05934 
15,19201 
11,23055 
18,52577 


Loss  on 
Fusion 
gram 

0.00061 
0.00046 
0.00096 
0.00085 
0.00095 
0.00054 
0.00054 
0.00054 
0.00077 


AgCl 
from  Fil- 
trate and 
Washings 

gram 

0.00291 
0.00220 
0.00064 
0.00074 
0.00066 
0.00082 
0.00098 
0.00090 
0.00092 


Corrected 

weight  of 

AgCl  in 

Vacuum 

grams 

14,38118 
13,77494 
17,88933 
16,23430 
16,13727 
16,05962 
15,19245 
11,23091 
18,52592 


Atomic 
weight 
of  Phos- 
phorus 

31,018 
31,016 

31,020 
31,017 
31,016 
31,017 
31,017 


31,017 
31,016 
31,017 
31,016 
31,015 
31,015 
31,016 
31,016 
31,015 
31,016 


Average 


Ratio 
PCI3: 
AgCl 

0.319520 
0.319506 
0.319506 
0.319489 
0.319498 
0.319502 
0.319538 
0.319515 
0.319506 
0.319509 


Atomic 
weight 

of 
Phos- 
phorus 

31,026 
31,020 
31,020 
31,019 
31,017 
31,018 
31,034 
31,024 
31,020 
31,022 


The  chief  point  of  interest  to  determine  in  the  examination  of 
the  foregoing  results  is  whether  the  material  really  represents 
pure  phosphorus  trichloride.    Judging  from  the  agreement  of  the 
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results  obtained  with  the  different  fractions  in  each  series,  the 
material  was  as  uniform  as  could  possibly  be  expected.  While 
evidence  was  obtained  that  the  pentachloride  is  to  a  very  slight 
extent  carried  into  the  trichloride  distillate  either  as  such  or  in 
the  form  of  its  dissociation  products,  the  amount  thus  accompany- 
ing the  trichloride  diminishes  very  rapidly  with  successive  dis- 
tillations. Of  course  it  is  possible  that  a  constant  boiling  mixture 
of  tri-  and  pentachloride  exists,  but  such  a  possibility  is  some- 
what remote.  If  the  trichloride  actually  contained  a  trace  of 
pentachloride,  it  would  account  for  the  fact  that  the  average 
result  of  this  research,  31.018,  is  very  slightly  lower  than  that  of 
the  tribromide.  It  is  worth  noting,  however,  that  five  out  of 
thirty-one  analyses  of  the  tribromide  are  as  low  as  the  average  of 
the  trichloride  analyses,  and  that  three  of  the  six  series  of  tri- 
bromide analyses  yield  averages  of  31.022,  a  value  only  0.004 
higher  than  the  trichloride  average.  A  difference  no  larger  than 
this  is  extremely  difficult  to  detect  even  where  the  substances 
analyzed  are  ideal  for  the  purpose. 

The  three  compounds  of  phosphorus  analyzed,  then,  yield  the 
following  results: 


Ag   = 

=    107.880 

Ag  = 

107.870 

Ag   = 

=   107.860 

Ag3P04 

31.04 

31.03 

31.02 

PBr3 

31.027 

31.024 

31.021 

PCI3 

31.027 

31.015 

31.012 

Averages 

31.028 

31.023 

31.018 

On  the  whole  the  tribromide  and  trichloride  may  be  expected 
to  yield  somewhat  more  certain  results  than  silver  phosphate,  and 
the  averages  of  these,  given  below,  are  therefore  to  be  preferred. 

Ag  =  107.880      Ag  =  107.870      Ag  =  107.860 
P  =-     31.023        P  =     31.020        P  =     31.017 

On  any  basis  the  rounded  off  value  31.02  is  fully  as  exact  as  the 
experimental  work  warrants. 

Summary  of  Results 

1.  Methods  are  described  for  the  preparation  of  pure  phos- 
phorus trichloride  and  its  analysis. 
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2.  The  molecular  weight  of  phosphorus  trichloride  referred 
to  silver  107.880  is  found  to  be  137.389,  whence  phosphorus  has 
the  atomic  weight  31.018. 

3.  Using  the  same  value  for  silver,  the  average  result  of  the 
analyses  of  silver  phosphate,  phosphorus  tribromide  and  phos- 
phorus trichloride  is  31.028,  while  the  average  of  the  more  reliable 
tribromide  and  trichloride  analyses  is  31,023. 

We  are  particularly  indebted  to  the  Carnegie  Institution  of 
Washington  for  generous  pecuniary  assistance  in  carrying  out 
this  investigation. 


A  REVISION  OF  THE  ATOMIC  WEIGHT  OF  IRON 

Fifth  Paper  —  The  Analysis  of  Ferric  Oxide 

By  Gregory  Paul  Baxter  and  Charles  Ruglas  Hoover 

Harvard   University,  Cambridge,  Mass. 

The  atomic  weight  of  iron  has  already  been  subjected  to  three 
separate  investigations  in  this  laboratory.  Richards  and  Baxter^ 
first  analyzed  ferric  oxide  by  reduction  in  hydrogen,  and  ob- 
tained the  result  55.88,  a  value  much  lower  than  the  one  in  gen- 
eral use  at  that  time,  56.02.  The  problem  was  further  investigated 
by  Baxter^  by  the  analysis  of  ferrous  bromide,  and  the  result 
yielded  by  material  known  to  be  slightly  impure,  55.845  (Ag  = 
107.88)  agrees  very  closely  with  that  obtained  by  Baxter,  Thor- 
valdson,  and  Cobb^  in  a  very  recent  investigation  with  much 
purer  material,  55.838.  Furthermore  Baxter  and  Thorvaldson* 
found  that  meteoric  material  is  identical,  so  far  as  could  be  told 
by  the  analysis  of  ferrous  bromide,  with  material  of  terrestrial 
origin. 

Thus,  although  the  analysis  of  ferrous  bromide  supports  the 
verdict  of  the  oxide  analysis  in  yielding  a  low  value  for  the  atomic 
weight  of  iron,  yet  the  difference  between  the  results  of  the  two 
methods,  0.04,  is  much  too  large  to  be  allowed  to  rest  without 
further  investigation.  The  recent  availability  of  fused  quartz 
apparatus  seemed  to  offer  distinct  possibilities  of  improvement 
in  the  original  oxide  analysis,  especially  in  the  reduction  of  the 
oxide,  so  that  the  decision  was  made  to  repeat  the  analysis  of 
ferric  oxide  with  all  possible  precautions  in  the  light  of  experience 
gained  since  the  earlier  work. 

In  outline  the  operations  consisted  in  preparing  ferric  oxide  by 
igniting  in  a  current  of  pure  air  carefully  purified  ferric  oxide. 

•Proc.  Amer.  Acad.,  35,  253  (1900);  Zeit.  anorg.  Chem.,  23,  245. 
^'Proc.  Amer.  Acad.,  39,  245  (1903);  Zeit.  anorg.  Chem.,  38,  232. 
2Jour.  Amer.  Chem.  Soc,  33,  319  (1911);  Zeit.  anorg.  Chem.,  70,  325. 
*Jour.  Amer.  Chem.  Soc,  33,  337  (1911);  Zeit.  anorg.  Chem.,  70,  348. 
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The  oxide  was  next  weighed,  and  then,  after  reduction  in  a  cur- 
rent of  very  pure  hydrogen,  the  weight  of  the  residual  metal  was 
found.  The  problems  involved  were,  therefore,  first,  the  puri- 
fication of  ferric  nitrate;  second,  the  preparation  of  ferric  oxide 
free  from  higher  or  lower  oxides  and  occluded  gases;  third,  the 
complete  reduction  of  the  oxide. 

Purification  of  Reagents 

Water.  In  the  earlier  stages  of  the  purification  of  the  iron  salts, 
the  ordinary  distilled  water  was  employed.  In  the  later  steps 
this  water  was  twice  redistilled,  first  from  an  alkaline  perman- 
ganate solution,  then,  after  the  addition  of  a  trace  of  sulphuric 
acid,  through  a  block  tin  condenser,  in  an  apparatus  free  from 
rubber  or  cork.  Usually  the  distillate  was  collected  in  platinum 
vessels. 

Ammonia.  The  best  commercial  ammonia  was  distilled  into 
the  purest  water  in  an  apparatus  constructed  entirely  of  glass. 

Nitric  Acid.  C.P.  concentrated  acid  was  distilled  from  a  glass 
still  through  a  platinum  condenser,  with  rejection  of  the  first 
two-thirds  of  the  distillate.  A  platinum  receiver  also  was  em- 
ployed. 

Hydrochloric  Acid.  C.P.  concentrated  acid  was  diluted  with  an 
equal  volume  of  water  and  distilled  through  a  glass  condenser 
with  rejection  of  the  first  half  of  the  distillate. 

Sulphuric  Acid.  C.P.  concentrated  sulphuric  acid  was  dis- 
tilled from  a  small  non-tubulated  glass  retort  into  a  Jena  glass 
flask.    Here  also  the  first  half  of  the  distillate  was  rejected. 

Oxalic  Acid  and  Ammonium  Oxalate.  The  best  commercial 
substances  were  three  times  crystallized  in  Jena  vessels  with 
centrifugal  drainage  and  washing. 

Air.  Air  was  freed  from  organic  matter  by  being  passed  over 
red  hot  copper  oxide  in  a  hard  glass  tube  heated  electrically  with 
"  Nichrome  "  ribbon.  Then  it  was  passed  through  a  train  of 
Emmerling  towers,  containing  in  turn  beads  drenched  with  silver 
nitrate  solution,  solid  potassium  hydroxide  which  had  been  fused 
with  a  small  proportion  of  permanganate,  and  beads  drenched 
with  concentrated  sulphuric  acid  to  which  a  trace  of  potassium 
dichromate  had  been  added.    Finally  the  air  was  dried  in  a  long 
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tube  containing  phosphorous  pentoxide  which  had  been  resub- 
hmed  in  air.  The  apparatus  was  constructed  wholly  of  glass 
with  fused  or  ground  joints  throughout.  The  joints  were  either 
dry  or  lubricated  with  sulphuric  acid,  except  in  the  case  of  a 
two-way  stop  cock  beyond  the  phosphorous  pentoxide  tube, 
which  was  lubricated  with  Ramsay  grease.  Since  ferric  oxide 
quickly  came  to  constant  weight  when  ignited  in  this  air,  it  was 
obviously  sufficiently  pure  for  the  purpose. 

Oxygen.  Oxygen  prepared  by  the  Linde  Air  Products  Com- 
pany was  purified  in  the  same  apparatus  as  that  used  for  purify- 
ing air.  This  gas  contained  about  97  per  cent,  of  oxygen.  Appar- 
ently a  large  percentage  of  the  impurity  was  argon.^ 

Hydrogen.  At  first,  because  of  convenience,  hydrogen  waS 
generated  by  the  action  of  water  on  "  Hy drone  ".  It  waS 
scrubbed  with  water  in  a  tower  filled  with  moist  glass  wool  and 
was  then  dried  with  fused  potassium  hydroxide  and  finally  phos- 
phorous pentoxide.  This  gas  proved  to  be  unsatisfactory,  for 
when  it  was  passed  through  a  hot  quartz  tube  for  some  time,  a 
black  deposit  which  appeared  to  be  carbon  was  formed  and  iron 
reduced  from  the  oxide  in  this  gas  showed  a  continuous  gain  in 
weight  owing  apparently  to  absorption  of  carbon.  Since  it 
seemed  probable  that  this  hydrogen  contained  hydrocarbons,  an 
electrolytic  method  of  generating  the  gas  was  substituted.  The 
generator  contained  the  system  zinc  amalgam-dilute  hydro- 
chloric acid-platinized  platinum,  and  has  already  been  shown  to 
give  very  pure  hydrogen.^  Two  such  generators  yield  a  cur- 
rent of  hydrogen  sufficiently  rapid  for  most  purposes  and  by 
applying  an  external  electromotive  force,  the  evolution  of  gas 
can  be  made  much  more  rapid.  After  purification  by  scrubbing 
with  dilute  potassium  hydroxide  solution  and  drying  by  freshly 
fused  potassium  hydroxide  and  resublimed  phosphorous  pen- 
toxide, this  hydrogen  gave  no  evidence  of  impurity  of  any  sort. 
For  some  time  after  the  charging  of  the  generators  with  fresh 
acid,  the  gas  undoubtedly  contains  air  originally  dissolved  in  the 
acid,  but  in  the  course  of  time  this  must  be  gradually  swept  out 

iMorey,  Jour.  Amer.  Chem.  Soc,  34,  491  (1912). 
Kiooke  and  Richards,  Proc.  Amer.  Acad.,  23,  149  (1887). 
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by  the  continuous  flow  of  minute  bubbles  of  hydrogen.  The 
apparatus  was  constructed  entirely  of  glass,  with  ground  stoppers, 
except  for  two  very  short  rubber  connections  which  were  used  to 
join  the  generators  to  the  purifying  train.  The  ground  joints 
were  lubricated  with  Ramsay  grease. 

PUEIFICATION  OF  FeRRIC  OxIDE 

Two  specimens  of  ferric  nitrate  were  purified  for  conversion 
into  ferric  oxide.  Sample  A  was  of  terrestrial,  Sample  B  of  me- 
teoric origin. 

Sample  A  was  prepared  from  the  same  specimen  of  pure  iron, 
manufactured  by  the  American  Rolling  Mills  Co.,  that  was  used 
in  the  previous  investigation  upon  ferrous  bromide.  This  ma- 
terial contains  sulphur  0.019  per  cent.,  phosphorous,  0.003  per 
cent.,  carbon  0.018  per  cent,  copper  0.05  per  cent.,  and  traces  of 
silicon  and  manganese,  less  than  one-tenth  of  one  per  cent,  in  all. 
A  block  of  this  iron  was  washed  with  ether,  alcohol  and  water, 
and  was  etched  with  pure  nitric  acid  to  remove  surface  contami- 
nation. It  was  then  placed  in  a  large  platinum  dish  and  treated 
with  several  successive  portions  of  fifty  per  cent,  nitric  acid, 
until  about  one  hundred  grams  were  dissolved.  In  order  to 
remove  a  small  amount  of  insoluble  material,  chiefly  carbon  and 
basic  nitrate,  the  solution,  which  still  contained  a  large  excess  of 
nitric  acid,  was  filtered  by  suction  through  a  carefully  prepared 
asbestos  mat  in  a  platinum  funnel  into  a  quartz  flask.  Next  the 
solution  was  transferred  to  a  large  platinum  dish  and  evaporated 
to  crystallization,  on  an  electric  stove  in  order  to  avoid  intro- 
duction of  sulphur  compounds  from  a  gas  flame.  The  crystals 
were  freed  as  far  as  possible  from  mother  liquor  by  centrifugal 
drainage  in  an  apparatus  in  which  the  material  could  come  in 
contact  only  with  platinum,^  and  were  rinsed  in  the  centrifuge 
with  concentrated  nitric  acid.  The  crystals  were  then  recrystal- 
lized  four  times  from  concentrated  nitric  acid,  with  all  the  fore- 
going precautions.  The  mother  liquor  of  the  first  crystallization 
was  evaporated  until  a  second  crop  of  crystals  could  be  obtained 
and  this  second  crop  was  recrystallized  three  times  from  the  suc- 


iBaxter,  Jour.  Amer.  Chem.  Soc,  30,  286  (1908). 


ii]  Congress   of  Applied  Chemistry  41 

cessive  mother  liquors  of  the  first  set  of  crystals.  The  two  final 
crops  of  crystals  were  converted  separately  into  a  mixture  of 
oxide  and  basic  nitrate  by  heating  them  in  small  portions  in  a 
platinum  dish  on  an  electric  stove.  The  best  material  is  desig- 
nated Sample  Ai,  that  recovered  from  the  mother  liquors  Sample 
A2. 

In  order  to  show  that  mere  crystallization  of  the  nitrate  is 
sufficient  to  eliminate  the  predominating  metallic  impurities, 
about  one  hundred  grams  of  ferric  nitrate  were  rendered  impure 
with  one  gram  each  of  copper,  nickel,  aluminum,  and  manganese 
nitrates  and  the  mixture  was  recrystallized.  After  two  crys- 
tallizations the  crystals  were  found  free  from  copper,  nickel  and 
manganese  by  tests  with  ammonia,  dimethylglyoxime,  and  alka- 
line fusion  respectively,  and,  while  the  second  crop  of  crystals 
contained  a  trace  of  aluminum,  the  third  crop  gave  no  indication 
of  the  latter  element  when  treated  with  an  excess  of  sodium 
hydroxide  and  the  filtrate  tested  with  ammonium  chloride. 

The  purification  of  the  meteoric  material,  owing  to  the  larger 
proportion  of  impurity  was  necessarily  more  difiicult  and  pro- 
longed. A  new  portion  (80  grams)  of  the  "  Cumpas  "  meteorite, 
found  near  Cumpas,  Senora,  Mexico,  in  1903,  was  very  kindly 
given  to  us  by  Professor  John  Eliot  Wolff,  Curator  of  the  Harvard 
Mineralogical  Museum.  This  meteorite,  which  was  used  in  the 
investigation  by  Baxter  and  Thorvaldson,^  contains  about  88 
per  cent,  of  iron,  the  remainder  being  chiefly  nickel.  Although 
the  method  used  by  Baxter  and  Thorvaldson  for  the  elimination 
of  the  nickel  was  a  tedious  one,  yet  comparison  on  a  small  scale 
with  other  methods  failed  to  show  any  marked  advantage  of  any 
one  of  the  latter,  so  that  the  process  used  in  the  earlier  work  was 
adhered  to. 

After  the  metal  had  been  cleaned  with  ether  and  alcohol  and 
etched  with  nitric  acid,  it  was  dissolved  in  redistilled  hydrochloric 
acid,  and  an  insoluble  residue,  consisting  largely  of  graphite,  was 
removed  by  filtration.  The  solution  was  next  diluted  consider- 
ably and  saturated  with  hydrogen  sulphide  which  had  been  thor- 
oughly scrubbed  with  water.     The  precipitate  produced  in  this 

^Loc.  cit. 
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way,  chiefly  sulphur,  was  removed,  and  after  nearly  neutralizing 
the  free  acid  with  ammonia,  the  solution  was  again  saturated  with 
hydrogen  sulphide.  The  black  precipitate,  which  contained  little 
but  ferrous  sulphide,  was  discarded.  A  large  excess  of  ammonia 
was  then  added  and  hydrogen  sulphide  in  excess  passed  in.  The 
precipitated  sulphides  were  washed  several  times  with  water 
containing  ammonium  chloride  made  from  distilled  reagents, 
and  were  transferred  to  a  large  washed  filter  where  they  were 
extracted  with  two  per  cent,  hydrochloric  acid.  Since  the  solu- 
tion still  contained  considerable  nickel  after  two  repetitions  of 
this  process,  the  remainder  of  the  nickel  was  eliminated  by  pre- 
cipitating the  iron  as  ferric  hydroxide.  The  solution  of  ferrous 
chloride  was  oxidized  with  nitric  acid  and  after  dilution  to  nearly 
ten  liters  was  poured  into  a  large  excess  of  redistilled  ammonia 
in  equal  volume.  The  precipitate  was  washed  by  decantation 
three  times  and  was  dissolved  in  redistilled  nitric  acid.  This 
process  was  repeated  six  times  before  nickel  could  not  be  detected 
by  means  of  ammonium  sulphide  in  the  mother  liquor  after  con- 
centration in  small  volume.  Even  in  the  seventh  filtrate  dimethyl- 
glyoxime  showed  traces  of  nickel  to  be  present,  but  these  traces 
were  undoubtedly  eliminated  in  the  subsequent  processes. 

The  seventh  precipitate  of  ferric  hydroxide  was  dissolved  in  an 
excess  of  redistilled  sulphuric  acid  with  the  assistance  of  a  small 
amount  of  nitric  acid,  and  the  sulphate  was  freed  from  nitric  acid 
by  evaporation  and  heating.  The  ferric  sulphate  was  next 
electrolytically  reduced  to  ferrous  sulphate  in  a  large  platinum 
dish  which  served  as  cathode,  while  a  spiral  of  heavy  platinum 
wire  formed  the  anode.  The  solution  was  originally  so  concen- 
trated and  the  solubility  of  the  ferrous  sulphate  was  so  much 
reduced  by  the  sulphuric  acid  originally  present  together  with 
that  formed  in  the  reduction,  that,  on  cooling  the  solution  after 
the  passage  of  a  heavy  current  for  some  time,  ferrous  sulphate 
crystallized  out.  Electrolysis  with  intermittent  cooling  and 
evaporation  was  continued  until  the  greater  portion  of  the  iron 
was  obtained  in  the  form  of  ferrous  sulphate.  This  ferrous  sul- 
phate was  once  recrystaUized  from  aqueous  solution  with  centrif- 
ugal drainage.  Iron  was  next  deposited  in  the  metallic  state  by 
electrolysis  in  ammonium  oxalate  solution.    A  warm  concentrated 
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ammonium  oxalate  solution  was  nearly  saturated  with  ferrous 
oxalate  by  adding  ferrous  sulphate  solution  and  the  solution  was 
electrolyzed  hot  with  a  high  current  density  in  a  large  platinum 
dish  which  served  as  cathode.  From  time  to  time  recrystallized 
oxalic  acid  was  added  in  order  partially  to  provide  for  loss  at  the 
anode.  Occasionally  the  metallic  deposit  was  thoroughly  washed 
with  water  and  dissolved  in  redistilled  nitric  acid.  During  the 
electrolysis  there  was  absolutely  no  evidence  of  the  deposition 
of  manganese  dioxide  on  the  anode.  When  all  the  material  had 
been  thus  electrolyzed,  the  accumulated  solution  of  ferric  nitrate 
was  filtered,  evaporated  and  crystallized  six  times  exactly  in  the 
manner  previously  described.  The  nitrate  in  turn  was  ignited  to 
oxide  and  basic  nitrate.  Since  crystallization  of  the  nitrate  alone 
would  probably  have  sufficed  to  eliminate  the  impurities,  there 
can  be  little  doubt  in  light  of  the  protracted  series  of  operations 
to  which  the  meteoric  material  was  subjected,  that  the  final  prod- 
uct was  sufficiently  freed  from  known  impurities. 

Preparation  of  the  Ferric  Oxide  for  Weighing 

The  ignition  of  the  ferric  oxide  in  air  and  its  subsequent  reduc- 
tion in  hydrogen  were  carried  on  in  a  quartz  tube  which  formed 
part  of  a  bottling  apparatus^  by  means  of  which  the  platinum 
boat  containing  the  material  could  be  transferred  to  a  weighing 
bottle  in  a  current  of  dry  gas  without  the  slightest  exposure  to 
moisture.  The  tube  was  electrically  heated  by  a  removable  mica 
sleeve  wound  with  "  Nichrome  "  resistance  ribbon,  while  the 
control  of  temperature  was  secured  through  external  resistance. 
By  this  method  a  temperature  of  1200°  can  readily  be  secured. 
But  at  that  temperature  the  life  of  the  coil  is  precarious,  and 
furthermore  not  only  was  the  outside  of  the  quartz  tube  attacked 
where  it  came  in  contact  with  the  mica,  but  the  platinum  boat 
showed  signs  of  adhering  to  the  quartz.  Hence  in  actual  practice 
the  temperature  was  not  allowed  to  exceed  about  1100°.  That 
the  temperature  was  actually  as  high  as  this  was  shown  by  the 
fact  that  silver  melted  readily  at  temperatures  below  the  maxi- 
mum employed.    Even  under  these  conditions  the  outside  of  the 


^Richards  and  Parker,  Proc.  Amer.  Acad.,  32,  59  (1896);  Zeit.  anorg.  Chem., 
13,  85. 
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quartz  tube  suffered  where  it  came  in  contact  with  the  mica  so 
that  occasionally  its  surface  was  renewed  by  firepolishing  in  an 
oxyhydrogen  flame. 

Since,  if  ferric  oxide  is  reduced  in  contact  with  platinum,  the 
metals  alloy  to  so  considerable  an  extent  that  it  is  a  very  difficult 
matter  subsequently  to  remove  the  iron,  the  boat  was  entirely 
lined  with  thin  platinum  foil.  Although  of  course  the  iron 
alloyed  with  the  lining  of  the  boat,  this  lining  was  replaced  with 
one  of  new  platinum  foil  in  each  determination.  In  this  way  the 
boat  was  entirely  prevented  from  attack  in  all  but  a  few  cases 
where  a  small  amount  of  oxide  accidentally  found  its  way  between 
the  boat  and  lining  and  occasioned  some  difficulty. 

The  boat  was  prepared  for  analysis  by  scouring  with  sea  sand, 
igniting  in  a  blast  flame,  and  boiling  with  hydrochloric  acid,  the 
operations  being  repeated  several  times.  Next  the  lining  was 
constructed  of  new  platinum  foil  and  boiled  with  hydrochloric 
acid  several  times  more.  Then  the  boat  was  ignited  in  the  quartz 
tube  for  several  hours  in  a  current  of  pure  dry  air  and  after  it 
had  been  allowed  to  cool  was  transferred  by  means  of  the  bottling 
apparatus  to  the  weighing  bottle  in  which  it  was  eventually 
weighed  by  comparison  with  a  similar  counterpoise. 

Owing  to  accidental  contamination  of  the  boat  with  iron  in  one 
of  the  earlier  experiments,  in  the  next  analysis,  after  thorough 
cleansing,  the  boat  and  lining  were  weighed  after  ignition  both  in 
air  and  in  hydrogen.  A  loss  of  0.2  milligram  was  found  after  the 
ignition  in  hydrogen.  In  subsequent  experiments  with  the  same 
boat  the  difference  in  weight  after  ignition  in  air  and  in  hydrogen 
gradually  diminished  to  about  0.1  milligram  but  never  entirely 
disappeared.  Reversing  the  order  of  the  ignition  failed  to  change 
the  nature  of  magnitude  of  the  difference.  In  one  of  the  later 
analyses  a  comparatively  new  boat,  which  had  never  been  con- 
taminated with  iron,  was  tested  in  a  similar  way  with  an  exactly 
similar  result.  While  the  cause  of  the  difficulty  was  not  further 
investigated,  a  probable  explanation  of  the  difference  in  weight 
is  the  presence  of  a  trace  of  iron  or  a  similar  metal  in  the  material 
of  the  boat  or  lining.  In  any  case  error  could  obviously  be 
avoided  by  determining  the  difference  in  the  weight  of  the  boat 
when  ignited  in  air  and  in  hydrogen,  and  allowing  for  this  differ- 
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ence  in  computing  the  weights  of  the  ferric  oxide  and  the  metallic 
iron.    This  method  of  correction  was  actually  followed. 

After  the  boat  with  its  lining  had  been  treated  as  above  and 
weighed,  it  was  filled  with  the  mixture  of  oxide  and  basic  nitrate, 
which  had  been  powdered  in  an  agate  mortar,  and  it  was  heated 
in  the  quartz  tube  in  a  current  of  pure  dry  air,  gently  at  first  until 
decomposition  of  the  nitrate  was  essentially  complete,  finally  at 
about  1000°  for  several  hours.  After  the  boat  had  cooled,  it  was 
transferred  to  the  weighing  bottle  by  means  of  the  bottling 
apparatus  and  weighed.  The  heating  in  air  was  then  continued 
until  the  weight  of  the  boat  and  contents  became  constant  within 
a  few  hundredths  of  a  milligram.  Usually  ten  to  fifteen  hours  was 
a  sufficiently  long  period  to  produce  this  result,  although  for 
sake  of  convenience  the  heating  was  frequently  prolonged  over 
night. 

Although  the  very  fact  that  the  weight  of  the  oxide  becomes 
constant  when  it  is  treated  in  this  way  is  evidence  that  the  ferric 
oxide  does  not  appreciably  dissociate  into  a  lower  oxide  and 
oxygen  even  at  the  highest  temperatures  employed,  experiments 
were  undertaken  to  test  this  point  early  in  the  investigation.  One 
specimen  of  oxide  was  several  times  ignited  in  a  current  of  oxygen, 
and,  after  it  had  cooled,  it  was  bottled  in  dry  air.  As  soon  as  the 
weight  was  constant,  the  material  was  ignited  and  cooled  in  air 
in  the  usual  way.  A  loss  in  weight  of  0.2  milligrams  in  5  grams 
of  oxide  was  found.  Re-ignition  in  oxygen  yielded  the  original 
weight  and  upon  second  ignition  in  air  the  weight  became  prac- 
tically the  same  as  after  the  first  ignition  in  air. 

The  higher  weight  of  the  oxide  after  ignition  in  oxygen  was 
confirmed  in  a  second  similar  series  of  experiments.  Further- 
more it  was  found  that  the  boat  and  lining  when  treated  simi- 
larly showed  no  perceptible  difference  in  weight  under  the  differ- 
ent conditions. 

It  seemed  hardly  probable  that  the  difference  was  due  to  dis- 
sociation of  the  ferric  oxide,  however,  but  rather  to  occlusion  of 
either  oxygen  or  higher  oxide  by  the  ferric  oxide.  This  view  was 
substantiated  by  experiments  in  which  ferric  oxide  was  heated 
in  nitrogen  and  in  a  vacuum.  Nitrogen,  free  from  both  oxygen 
and  hydrogen,  was  prepared  in  an  all  glass  apparatus  kindly 
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loaned  by  Dr.  C.  J.  Moore.^  Ferric  oxide,  which  had  been  ignited 
to  constant  weight  in  air,  was  heated  for  four  hours  in  nitrogen 
and  cooled  in  this  gas  before  being  bottled  in  air.  As  a  result  of 
this  treatment  7.5  grams  of  oxide  lost  0.6  milligram.  In  order  to 
prove  conclusively  that  this  loss  was  due  to  dissociation  of  the 
ferric  oxide  into  a  lower  oxide  and  oxygen,  owing  to  a  low  oxygen 
pressure,  another  sample  of  oxide  was  heated  in  the  bottling  appa- 
ratus which  was  kept  as  completely  exhausted  as  possible  by 
means  of  an  efficient  Topler  pump.  During  this  treatment  a 
small  amount  of  gas  was  evolved  continually  and  a  loss  in  weight 
of  1  milligram  was  observed.  Both  of  the  latter  experiments  lead 
to  the  conclusion  that  the  dissociation  pressure  of  the  oxygen 
from  ferric  oxide  is  at  any  rate  very  low  at  the  highest  tempera- 
tures employed  in  this  work  and  therefore  that  no  loss  of  oxygen 
could  have  taken  place  from  this  cause  when  the  oxide  was  heated 
in  air. 

The  results  of  the  investigations  of  others  support  this  view. 
Walden^  found  by  heating  ferric  oxide  in  a  vacuum  no  measurable 
pressure  of  oxygen  below  1050°C.  and  at  1100°  the  observed  pres- 
sure was  only  5mm.  Hilpert^  found  by  chemical  tests  that  the 
velocity  of  dissociation  is  very  small. 

The  safest  course  to  pursue  seems  to  be  to  assume  the  weight 
of  the  oxide  after  ignition  to  constant  weight  in  air  to  be  correct, 
although  it  is  worth  pointing  out  that  if  the  weight  after  ignition 
in  oxygen  is  used,  the  results  of  this  research  will  be  lowered  by 
about  seven  one-thousandths  of  a  unit. 

Attention  has  been  called  by  Richards^  to  the  fact  that  most 
oxides  made  by  the  ignition  of  nitrates  retain  small  amounts  of 
nitrogen  and  oxygen,  but  Richards  and  Baxter^,  in  the  earlier 
research  upon  ferric  oxide  showed  that  ferric  oxide  is  an  excep- 
tion to  this  rule,  in  that  the  quantity  of  occluded  gases  is  negli- 
gible for  the  purpose  in  hand. 


^Baxter,  Moore  and  Boylston,  Proc.  Amer.  Acad.,  47,  588  (1912);  Jour. 
Amer.  Chem.  Soc,  34,  261  (1912);  Zeit.  anorg.  Chem.,  74,  365. 
»Jour.  Amer.  Chem.  Soc,  30,  1350  (1908). 
3Ber.  d.d.chem.  Ges.,  42,  4893  (1909). 
*Proc.  Amer.  Acad.,  26,  281  (1891);  28,  200. 
*Proc.  Amer.  Acad.,  35,  257  (1900);  Zeit.  anorg.  Chem.,  23,  250. 
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The  Reduction  op  Ferric  Oxide 

In  order  to  reduce  the  ferric  oxide,  the  boat  and  bottle  were 
placed  in  their  proper  places  in  the  bottling  apparatus  and,  when 
the  air  had  been  nearly  displaced  by  pure  hydrogen,  the  boat  was 
gradually  heated  until  the  reduction  progressed  rapidly.  Owing 
to  the  fact  that  the  reaction  is  an  exothermic  one,  it  was  usually 
necessary  to  retard  the  reduction  by  removing  the  heating  coil 
after  the  reduction  had  commenced.  As  soon  as  this  portion  of 
the  process  was  past,  heating  was  resumed  and  continued  at  dull 
redness  as  long  as  perceptible  amounts  of  water  were  evolved. 
Since  the  reduced  metal  sinters  to  a  considerable  extent  even  at  a 
relatively  low  temperature,  it  seemed  better  to  avoid  this  effect 
as  far  as  possible  until  reduction  was  essentially  complete.  The 
temperature  was  then  very  gradually  increased  to  a  bright  red 
heat,  and  finally  was  maintained  at  1050-1100°  for  several  hours. 
The  boat  was  next  cooled  in  hydrogen,  the  hydrogen  was  dis- 
placed by  air  and  the  boat  was  bottled  and  weighed  as  in  the  case 
of  the  oxide.  The  metal  was  then  heated  again  for  several  hours 
at  bright  redness  and  again  cooled  and  weighed,  and  the  process 
was  repeated  until  the  weight  became  constant  within  a  few 
hundredths  of  a  milligram.  In  the  earlier  analyses  four  or  five 
ignitions  were  found  necessary  to  secure  constant  weight.  Event- 
ually time  and  labor  were  saved  by  prolonging  the  first  heating 
in  hydrogen  to  60  hours  or  more.  When  this  was  done,  no  change 
in  weight  of  more  than  0.1  milligram  was  ever  observed  after  the 
first  heating,  even  when  the  second  heating  was  as  long  as  50 
hours.  This  constancy  in  the  weight  of  the  metal  indicates  not 
only  that  reduction  had  proceeded  as  far  as  it  would  go  under  the 
conditions  of  the  experiment,  but  also  that  neither  the  platinum 
nor  the  iron  volatilized  appreciably  even  at  the  highest  tempera- 
ture employed. 

While  it  is  a  well-known  fact  that  very  finely  divided  iron  is 
pyrophoric,  we  were  able  to  secure  evidence  of  only  very  slow 
oxidation  of  the  highly  sintered  and  compact  metal  which  re- 
sulted from  the  reduction.  The  appearance  of  the  metal  did  not 
alter  on  long  standing  even  in  an  atmosphere  of  average  humidity. 
Furthermore  on  standing  eighteen  hours  in  the  weighing  bottle 
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in  a  dessicator,  in  five  experiments  the  observed  gain  in  weight 
was  only  0.12,  0.03,  0.01,  0.04  and  0.05  milligram  respectively. 
In  the  light  of  these  facts  it  seems  reasonably  certain  that  in  dry 
air  iron  oxidizes  so  slowly  that  at  any  rate  no  error  was  introduced 
from  this  source  before  the  metal  was  weighed. 

After  six  analyses  had  been  completed,  it  was  noticed  in  the 
next  experiment,  while  the  nitrogen  was  being  displaced  by  air, 
that  a  slight  mist  appeared  on  the  tube  beyond  the  boat  and  that 
the  portion  of  the  tube  containing  the  boat  became  perceptibly 
warmer  than  the  adjacent  portions.  In  a  short  time  the  water 
evaporated  into  the  current  of  dry  air,  leaving  the  iron  unchanged 
in  appearance.  This  phenomenon  was  not  observed  in  the  earlier 
experiments,  because  in  these  the  boat  was  concealed  by  the 
heating  coil  which  had  been  allowed  to  cool  in  situ.  In  a  later 
experiment  when  the  empty  boat  was  treated  in  the  same  way  a 
similar  occurrence  took  place,  so  that  the  first  conclusion  that 
the  union  of  the  hydrogen  and  oxygen  was  catalyzed  by  the  finely 
divided  iron  is  by  no  means  certain.  Although  no  attempt  was 
made  to  settle  the  latter  point,  experiments  were  immediately 
undertaken  to  determine  whether  perceptible  oxidation  of  the 
iron  was  brought  about  during  the  formation  of  the  moisture  or 
by  its  presence.  This  was  done  by  first  weighing  the  reduced  iron 
after  displacing  the  hydrogen  with  air.  Then  the  metal  was  again 
ignited  and  cooled  in  hydrogen,  but  before  the  air  was  admitted 
to  the  bottling  apparatus,  this  was  exhausted  as  completely  as 
possible  by  means  of  a  Topler  pump.  The  iron  did  not  lose  per- 
ceptibly in  weight  during  this  treatment  and  a  repetition  of  the 
experiment  yielded  the  same  result.  While  it  is  evident  that  the 
earlier  experiments  had  fortunately  not  been  vitiated  by  this 
newly  discovered  occurrence,  in  all  the  subsequent  analyses  the 
precaution  was  taken  to  exhaust  the  bottling  apparatus,  after 
the  iron  had  been  allowed  to  cool  in  hydrogen,  before  admitting 
the  air.  The  result  of  these  experiments  is  entirely  in  accord  with 
the  experience  of  Friend,  Hull  and  Brown ^  and  of  Friend;*  for 
the  former  have  shown  that  steam  affects  iron  only  slightly  at 
500°  while  the  latter  proved  that  steam  has  no  effect  at  200-300®. 


iJour.  Chem.  Soc,  99,  969  (1911). 
2Jour.  Iron  and  Steel  Inst.,  ii,  172. 
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Although  Baxter^  has  already  investigated  the  occlusion  of 
hydrogen  by  finely  divided  iron  which  has  been  heated  and  cooled 
in  an  atmosphere  of  the  gas,  and  found  no  positive  evidence  of 
occlusion,  the  subject  was  further  investigated  in  several  of  the 
analyses  of  this  research.  The  boatload  of  iron  which  had  been 
brought  to  constant  weight  when  cooled  in  an  atmosphere  of 
hydrogen,  was  again  ignited  in  hydrogen,  and  while  it  was  still  red 
hot,  the  bottling  apparatus  was  rapidly  exhausted  so  that  the 
metal  cooled  in  a  vacuum.  Then  air  was  admitted  and  the  boat 
was  bottled  and  weighed.  No  change  in  weight  beyond  the  error 
of  weighing  could  be  detected,  and  a  repetition  of  the  experiment 
yielded  the  same  result.  Even  though  it  was  thus  proved  to  be 
safe  to  allow  the  metal  to  cool  in  hydrogen,  in  many  of  the  later 
experiments  the  final  weight  of  the  metal  was  obtained  after 
cooling  in  a  vacuum. 

Sieverts^  found  that  iron  at  800°  dissolves  per  100  grams  only 
0.2  milligram  hydrogen  and  that  the  amount  dissolved  dimin- 
ishes with  decreasing  temperature. 

From  the  above  experiments  it  is  obvious  also  that  the  plati- 
num of  the  boat  and  lining  could  have  occluded  no  appreciable 
amount  of  hydrogen.  Furthermore,  Sieverts  and  Jurisch^  found 
that  platinum  heated  and  cooled  in  hydrogen  retained  no  meas- 
urable amount  of  the  gas. 

In  the  earlier  paper  upon  the  analysis  of  ferric  oxide,  the  effect 
of  the  earth's  magnetism  upon  the  weight  of  the  iron  was  shown 
both  theoretically  and  experimentally  to  be  insignificant. 

The  following  tables  include  the  results  of  all  the  analyses 
which  were  undertaken,  with  the  exception  of  one  preliminary 
analysis  in  which  impure  hydrogen  made  from  hydrone  was 
employed. 

The  weighings  were  made  entirely  upon  a  No.  10  Troemner 
balance  sensitive  to  0.02  milligram,  which  is  used  only  for  the 
most  exact  work.  The  weighing  bottle  was  always  compared  by 
substitution  with  a  counterpoise  of  the  same  weight  and  shape 


^Amer.  Chem.  Jour.,  22,  363  (1899). 
2Zeit.  Electrochem.,  16,  707  (1910). 
3Ber.  d.d.chem.  GeseU.,  45,  221  (1912). 
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containing  a  mass  of  platinum  equal  to  that  of  the  boat.  The 
weights  were  standardized  to  hundredths  of  a  milligram  by  the 
method  proposed  by  Richards.^  Ample  time  was  always  allowed 
the  boat  and  counterpoise  to  come  to  equilibrium  with  the  atmos- 
phere of  the  balance  case. 

A  vacuum  correction  of  +0.000086  gram  was  added  for  every 
apparent  gram  of  ferric  oxide  and  of  +0.000008  for  every  ap- 
parent gram  of  metal,  the  densities  of  these  substances  and  the 
weights  being  assumed  to  be  5.2,  7.9  and  8.3  respectively. 

In  the  first  two  analyses  the  weight  of  the  empty  boat  after 
ignition  in  hydrogen  was  not  determined.  Since,  however,  a  new 
boat  with  its  lining  was  found  to  lose  in  weight  by  0.1  milligram 
when  ignited  in  hydrogen  after  ignition  in  air,  a  correction  of  this 
amount  is  apphed  in  Analyses  1  and  2.  In  the  first  five  analyses 
after  the  reduction  of  the  oxide  to  metal  the  hydrogen  was  dis- 
placed by  a  current  of  air,  but  in  all  others  the  bottling  apparatus 
was  freed  from  hydrogen  by  exhaustion  before  air  was  admitted. 


Series  I.    O 


16.000 


Number  of 
analysis 

Sample  of 
Fe^Oa 

Weight  of 
FeoOa  in 
vacuum 

Weight  of 

Fe  in 

vacuum 

Ratio 
Fe3:Fe203 

Atomic 
Weight 
of  Iron 

1 

Ai 

Grams 

4.86111 

Grams 

3.39995 

0.699418 

55.845 

2 

Ax 

7.59712 

5.31364 

0.699428 

55.847 

3 

Ai 

6.50945 

4.55298 

0.699442 

55.851 

4 

Ai 

8.00040 

5.59576 

0.699435 

55.849 

5 

Ai 

7.27260 

5.08661 

0.699421 

55.846 

6 

A2 

7.69441 

5.38155 

0.699410 

55.843 

7 

A2 

7.33754 

5.13213 

0.699435 

55.849 

Av( 

3rage 

0.699427 

55.847 

iJour.  Amer.  Chem.  Soc,  22,  144  (1900). 
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Series  II.    O  =  16.000 


Number  of 
analysis 

Sample  of 
Fe^Oa 

Weight  of 
Fe^Oa  in 
vacuum 

Weight  of 

Fe  in 

vacuum 

Ratio 
Fe2:Fes03 

Atomic 
Weight 
of  Iron 

Grams 

Grams 

8 

M 

4.46431 

3.12240 

0.699414 

55.844 

9 

M 

4.85179 

3.39351 

0.699435 

55.849 

10 

M 

5.21397 

3.64674 

0.699417 

55.845 

11 

M 

5.99087 

4.19030 

0.699448 

55.853 

12 

M 

6.70197 

4.68752 

0.699425 

55.847 

Averaj 

?e 

0.699428 

55.848 

Averag 

3  of  all  12  a 

nalyses 

0.699427 

55.847 

An  examination  of  these  results  shows  very  satisfactory  agree- 
ment, not  only  between  the  results  in  each  series,  but  also  between 
the  averages  of  the  two  series.  The  highest  value  found  for  the 
atomic  weight  of  iron  in  either  series  is  55.853,  and  the  lowest 
55.843.  The  difference,  0.010,  corresponds  to  a  variation  in  the 
weight  of  iron  obtained  from  5  grams  of  oxide  of  only  about 
0.0002   gram. 

It  is  obvious  that  terrestrial  and  meteoric  iron  are  identical 
so  far  as  this  examination  is  capable  of  testing  the  point.  No 
other  outcome  was  to  be  expected,  however,  especially  in  the 
light  of  the  previous  comparison  of  the  two  sorts  of  material  by 
Baxter  and  Thorvaldson.^ 

The  average  of  all  twelve  analyses,  55.847,  is  lower  than  that 
previously  obtained  by  the  reduction  of  ferric  oxide,  55.883,  by 
0.036  unit.  This  difference  is  undoubtedly  due  to  more  complete 
reduction,  owing  to  the  higher  temperature  secured,  although 
the  longer  periods  of  continuous  ignition  in  hydrogen  must  have 
produced  beneficial  effects  in  the  same  direction. 

On  the  other  hand  the  average  result  is  almost  exactly  0.01 
unit  higher  than  that  found  by  Baxter,  Thorvaldson  and  Cobb^ 


^Loc.  cit. 
'Loc.  cit. 
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and  by  Baxter  and  Thorvaldson^  through  the  analysis  of  ferrous 
bromide  55.838  (Ag  =  107.880).  It  is  hardly  probable  that  the 
difference  between  the  results  of  the  analyses  of  ferrous  bromide 
and  ferric  oxide  is  due  to  an  incorrect  assumption  concerning  the 
atomic  weight  of  silver  in  the  calculation  of  the  bromide  analyses, 
as  is  shown  by  the  following  table  containing  the  results  of  the 
latter  analyses  calculated  on  the  basis  of  various  values  for  silver. 

If  Ag  =  107.910  Fe  =  55.854 

107.900  55.848 

107.890  55.843 

107.880  55.838 

107.870  55.833 

In  order  to  produce  agreement  beteeen  the  bromide  and  oxide 
series  of  analyses,  it  would  be  necessary  to  assume  the  unreason- 
ably high  value  for  the  atomic  weight  of  silver  of  107.90. 

If  the  bromide  analysis  is  assumed  to  be  correct  and  to  yield 
the  value  55.838  (Ag  =  107.880),  this  would  indicate  incomplete 
reduction  of  the  ferric  oxide,  to  the  extent  of  0.0002  gram  residual 
oxygen  in  the  metal  resulting  from  5  grams  of  oxide.  Such  a 
result  would  not  be  at  all  surprising,  however,  when  the  great 
difficulty  in  completely  converting  one  solid  into  another  without 
intermediate  fusion  or  solution  is  considered. 

Whether  the  atomic  weight  of  silver  is  taken  as  107.880  or 
107.870,  the  averages  of  the  bromide  and  oxide  results,  55.843 
and  55.840,  when  expressed  to  two  decimal  places  are  identical. 

The  outcome  of  this  research  may  be  briefly  expressed  as 
follows : 

1.  Pure  ferric  oxide  on  reduction  in  hydrogen  is  found  to  contain 
0.699427  per  cent,  of  iron,  whence  the  atomic  weight  of  iron  is 
55.847. 

2.  Terrestrial  and  meteoric  material  are  found  to  give  identical 
results. 

3.  When  the  result  of  this  investigation  is  combined  with  that 
of  the  analysis  of  ferrous  bromide  by  Baxter,  Thorvaldson  and 
Cobb,  the  atomic  weight  of  iron  is  found  to  be  55.84. 

We  are  greatly  indebted  to  the  Carnegie  Institution  of  Wash- 
ington for  generous  pecuniary  assistance  in  carrying  out  this 
investigation. 

^Loc.  cit. 


SUR  L' ADSORPTION  DES  MATlfiRES  COLORANTES 
PAR  LES  OCRES 

Par  a.  Bouchonnet 

Paris,  France. 

Dans  une  etude  precedente^  j'ai  signale  que  les  ocres  etaient 
susceptibles  d'adsorber  les  matieres  colorantes  en  dissolution  et 
pouvaient,  ainsi  modifiees,   etre  utilisees  industriellement. 

Depuis  longtemps,  on  avait  cherche  a  colorer  les  ocres  par 
simple  melange  en  les  additionnant  surtout  de  couleurs  d'aniline, 
mais  la  matiere  colorante  incorporee  sous  cette  forme  etait  la 
plupart  du  temps  entrainee  au  lavage,  elle  etait  peu  solide  et 
les  nuances  ainsi  produites  d'abord  belles  et  vives  s'effagaient 
lentement  sous  Taction  de  la  lumiere, 

Le  r^sultat  est  tout-a-fait  different  si  la  matiere  colorante  est 
fixee  sur  I'ocre  par  adsorption;  le  corps  insoluble  (ocre)  et  le 
corps  soluble  (matiere  colorante)  s'unissent  de  maniere  que  le 
lavage  ne  pent  plus  les  s^parer.  La  matiere  colorante,  en  per- 
dant  sa  solubilite,  a  acquis  I'adh^rence  au  corps  insoluble;  mais 
les  deux  corps  ont  gard^  leurs  propri6t6s  physiques  et  chimiques. 
Un  nouveau  dissolvant  pent  de  nouveau  les  s^parer  sans  altera- 
tion.   Enfin,  les  couleurs  ainsi  obtenues  sont  solides  k  la  lumiere. 

J'ai  determine, ^  pour  un  certain  nombre  de  matieres  colorantes, 
le  pouvoir  adsorbant  d'ocres  d'origine  et  d'etat  physique  (fin- 
esse des  particules)  diff brents;  j'ai  trouv^  que  I'adsorption  pour 
100  gr.  de  la  meme  terre  et  dans  les  memes  conditions  d'expe- 
rience,  variait  de  4,23  dans  le  cas  de  la  Safranine  G  a  0,2  pour  le 
Violet  a  I'acide  ou  la  Rhodamine  B. 

Pour  completer  ces  recherches,  j'ai  fait  entrer  en  jeu  les  fac- 
teurs  qui  pouvaient  favoriser  ou  retarder  I'adsorption,  notam- 
ment  la  temperature,  les  acides,  les  bases,  les  sels. 

Influence  de  la  temperature.  L'^levation  de  la  temperature 
acc^l^re  I'adsorption  et  la  precipitation  des  particules  d'ocre  en 


»BuU.  Soc.  Chim.  (4)  t.  11,  p.  454,  1912. 
2Bull.  Soc.  Chim.  (4)  t.  11,  p.  460,  1912. 
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suspension;  les  essais  ont  ei6  fails  suivant  les  indications  d^j^ 
donn^es,  avec  le  bleu  de  nuit,  la  parafuchsine,  le  violet  cristal- 
lis6  et  le  vert  malachite. 

J'ai  op^r^  de  la  fagon  suivante  avec  des  solutions  portees  a 
r^bullition:  On  prepare  10  vases  a  precipiter  de  2  litres  contenant 
chacun  20  grammes  d'ocre.  On  verse  sur  la  substance  500 
grammes  d'eau  bouillante,  puis  on  ajoute,  en  quantity  croissante, 
de  la  solution  coloree  (contenant  1  gr.  de  matiere  colorante  par 
litre) ;  le  premier  recipient  recevra  un  volume  de  liqueur  colorante 
superieur  de  100  cc  a  la  quantite  n^cessaire  pour  saturer  I'ocre 
k  froid;  le  second  en  aura  100  cc  de  plus  que  le  premier,  et  ainsi 
de  suite  jusqu'au  dixieme.  On  laisse  reposer  24  heures  apr^s 
avoir  agite  frequemment  pendant  les  3  premieres  heures  et  on 
cherche  par  comparaison  colorimetrique,  le  recipient  contenant 
la  liqueur  surnageante  la  plus  voisine  du  terme  de  saturation. 
Soit  n  le  nombre  de  cc  de  matiere  colorante  contenue  dans  la 
solution  primitive;  on  repete  la  meme  experience  que  prec^dem- 
ment,  mais  en  ajoutant  cette  fois  successivement  n  +  10,  n+20, 
n+90  cc  de  colorant.  On  laisse  de  nouveau  deposer  pendant  24 
heures  et  on  prend,  comme  ci-dessus,  I'ocre  ayant  adsorbe  le 
maximum  de  matiere  colorante  (la  liqueur  surnageante  restant 
incolore). 

On  obtient  une  valeur  suffisamment  approch^e  du  pouvoir 
adsorbant  que  Ton  rendra  encore  plus  rigoureuse  en  proc^dant. 
Suivant  le  meme  principe,  a  une  troisieme  experience. 


Ocre  transparente  IS,  Lefranc  et  Cie 

MatiSres  colorantes 

Poids  de  couleur  adsorb^e  k 
100°  par  100  gr.  d'ocre 

Poids  de  couleur  adsorbfie  k 
15°  par  100  gr.  d'ocre 

Bleu  de  nuit 

5,85 

3,62 

Parafuchsine 

2,10 

1,92 

Violet  cristallise 

5,12 

4,10 

Vert  malachite 

3,07 

Ocres  modifiees  par  la  chaleur:  Variations  du  pouvoir  adsorbant. 
J'ai   d^termin^  en  outre  de  quelle  faQon  variait  le  pouvoir  ad- 
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sorbant  quand  les  ocres  avaient  6te  prealablement  chauffees,  puis 
refroidies. 

D'apres  Suida/  les  silicates  perdent  leur  pouvoir  adsorbant 
quand  on  les  chauffe  au  rouge.  Pelet  et  Mazoli^  ont  montre 
qu'il  en  est  de  meme  de  Fe203  chauff6.  II  semblerait  logique  que 
les  ocres  qui  sont  des  argiles  a  base  d'hydrates  ferriques,  posse- 
dent  la  meme  propri6t6.  Or,  I'ocre  ''transparente,"  firme  Le- 
franc,  port^e  k  700°  pendant  ^  heure,  a  un  pouvoir  adsorbant 
tr^s  voisin  de  celui  de  la  terre  non  chauffee:  3,62  pour  le  bleu  de 
nuit  avec  I'ocre  jaune;  3,58  avec  Tocre  rouge.  II  faut  chauffer 
les  ocres  longtemps,  et  h  une  temperature  sup^rieure  a  700° 
pour  diminuer  la  faculty  d'adsorption. 

Ce  resultat  est  int^ressant,  car  il  permet  d'augmenter  la 
gamme  des  nuances;  ainsi,  I'ocre  jaune,  a  son  maximum  d'ad- 
sorption, donne  avec  le  bleu  de  nuit  la  teinte  bleu  de  nuit,  tandis 
que,  dans  des  conditions  identiques,  la  meme  terre,  devenue 
rouge  (par  action  de  la  chaleur  k  700°)  donne  une  belle  nuance 
noire. 

Influence  de  la  concentration  des  solutions.  Les  experiences 
prec^dentes  ont  ete  faites  sur  des  solutions  contenant  1  gr. 
de  mati^re  colorante  par  litre  d'eau.  Si  on  opere  sur  des  solu- 
tions plus  concentr^es,  on  constate  que  I'adsorption  n'est  pas 
directement  proportionelle  k  la  concentration:  elle  est  relative- 
ment  plus  grande  avec  les  solutions  dilutes.  La  rapport  de  la 
quantite  de  matiere  colorante  adsorb^e  k  la  concentration  de  la 
solution  diminue  si  la  concentration  augmente.  Le  fait  est  tres 
net  avec  le  bleu  de  nuit  et  le  violet  cristallise. 

D'apres  Biltz  et  Steiner,^  qui  ont  etudie  I'adsorption  de  bleu 
de  nuit  par  le  noir  animal,  ce  ph^nomene  tiendrait  a  la  nature 
basique  des  colorants  et  a  leur  hydrolyse  en  solution  aqueuse. 

Influence  de  I'addite  des  solutions.  Tantot  les  acides  favori- 
sent  I'adsorption,  tantot  ils  la  retardent,  tantot  ils  n'ont  pas 
d'action;  les  teintes  varient  pen.  Par  contre,  la  precipitation  de 
la  terre  en  suspension  est  acceleree. 


iMon.  f.  Chem.  t.  25,  p.  1107-1133,  1904. 

^BuU.  Soc.  Chim.  t.  5,  p.  1015,  1909. 

3Zeit.  Chem.  Ind.  KoUoid.  t.  7,  p.  113,  1910. 
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Acidit6 

Ocre  transparente  IS,  Lef  ranc  et  Cie 

Matidres  colorantss 

Poids  de  couleur     Poids  de  couleur 

adsorb6e  par  100     adsorb6e  par  100 

gr.  d'ocre  en             gr.  d'ocre  en 

liqueur  acide          liqueur  neutre 

Vert  malachite 
Violet  cristallis^ 
Bleu  de  nuit 
Safranine  G 
Ecarlate  double  brillant 
Noir  diamine  B  H 

1  gr  S  O^H^ 
par  lOOOccd'eau 

do 
do 
do 
do 
do 

3,75 
3,90 
3,77 
6,10 
0,82 
2,61 

3,07 
4,10 
3,62 
4,23 
1,02 
1,17 

Influence  de  Valcalinite  des  solutions.  Les  alcalis  retardent 
beaucoup  la  precipitation  de  I'ocre  en  suspension  dans  la  solu- 
tion; tres  souvent,  ils  decomposent  la  matiere  colorante,  sinon 
ils  retardent  I'adsorption  et  les  teintes  sont  modifiees. 

Le  tableau  comparatif  ci-dessous  donne  les  resultats  obtenus 
avec  quelques  colorants  non  decomposes  par  la  base. 


AlcalinitS 

Ocre  transparente  IS,  Lefranc  et  Cie 

MatiSres  colorantes 

Poids  de  couleur  ad-  Poids  de  couleur  ad- 
sorb§e  par  100  gr.  d'o-  sorb§par  100  gr.  d'o- 
cre en  liqueur  alcaline  ore  en  liqueur  neutre 

Safranine  G 

1  p.  1000  KOH 

1,92 

4,23 

Noir  diamine  BH 

do 

0,86 

1,17 

Ecarlate  double 

do 

0,19 

1,02 

brillant  G 

Influence  des  sels.  La  faculty  d'adsorption  se  manifeste  aussi 
en  presence  des  sels,  tels  que  Na  CI,  S  O4  Na2.  En  presence  de 
Na  CI  en  particulier,  le  pouvoir  adsorbant  s'eleve  et  I'adsorption 
se  fait  plus  rapidement.  Selon  Pelet-Jolivet  et  Wild,^  ce  pheno- 
mene  tiendrait  a  ce  que  I'addition  d'un  Electrolyte  sur  le  colorant 
diminuerait  la  solubilite  du  colorant.  D'autre  part,  les  matieres 
colorantes  possedent  la  propriete  de  passer  tres  facilement,  sous 
Faction   d'Electrolytes    convenables,    a    I'etat    colloidal;    cette 


iBuU.  Soc.  Chim.  (4)  t.  3,  p.  274,  1907;  p.  1090,  1908. 
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coagulation  colloidale  a  done  une  influence  marquee  sur  i'ad- 
sorption. 

Mes  essais  ont  6te  faits  en  dissolvant  4  gr.  de  Na  CI  par  litre 
de  solution  colorante  et  en  proc^dant  comme  je  I'ai  expliqu^. 
On  peut  ainsi  obtenir  des  ocres  tres  ch argues  en  colorant. 

J'ai  remarque  que  la  mati^re  colorante  fixee,  en  presence  de 
Na  CI,  parait  avoir  une  adherence  moins  grande  que  dans  les 
autres  cas.  C'est  ainsi  que  I'eau  bouillante  en  entraine  une 
quantite  appreciable. 


Electrolyte 

Ocre  transparente  Lefranc  et  Cie 

Mati^rea  colorantes 

Poids  de  couleur  ads. 

p.  100  gr.  d'ocre  en 

pr6s.  de  NaCl 

Poids  de  couleur  ads. 

p.  100  gr.  d'ocre  en 

solution  aqueuse 

Bleu  de  methylene 
Violet  crist. 
Parafuchsine 

4p.l000NaCl 
do 
do 

6,38 
8,25 
3,10 

3,80 
4,10 
1,92 

Nature  du  dissolvant.  La  quantity  de  colorant  assorb^  de- 
pend encore  de  la  nature  du  dissolvant.  C'est  que  le  pouvoir 
adsorbant  est  beaucoup  plus  elev^  en  solution  aqueuse  que  dans 
I'eau  alcoolis^e;  I'adsorption  cesse  completement  pour  une  ten- 
eur  trop  grande  en  alcool.  On  peut  meme  extraire,  par  I'alcool, 
le  colorant  de  I'ocre  teinte  en  solution  aqueuse. 

Dreaper  et  Davis^  ont  constats  qu'une  solution  de  bleu  de 
nuit,  ayant  traverse  une  colonne  de  sable,  est  acide  au  tournesol; 
Suida,^  operant  sur  I'amidon  et  les  silicates,  aurait  trouv6  dans 
le  bain  la  totalite  de  I'acide  venant  du  sel  color^.  Dans  aucun 
de  mes  essais,  la  solution  surnageante  n'a  d'action  sur  le  tournesol. 


iChem.  Indust.  t.  31,  p.  100,  1912. 
''Mon.  f.  Ch.  t.  25,  p.  1107,  1904. 


ON  THE  EFFECT  OF  FREE  CHLORINE  UPON  THE 
PRODUCT  OF  HYDROLYSIS  OF  TELLUROUS 
CHLORIDE 

By  Philip  E.  Browning  and  George  0.  Oberhelman 
New   Haven,  Conn. 

In  1909  Browning  and  Flint/  after  an  extended  hydrolysis  of 
tellurous  chloride,  obtained  two  fractions  which  by  three  methods 
gave  atomic  weights  of  approximately  126.5  and  128.5.  The 
first  value  was  obtained  from  the  more  easily  hydrolysable  frac- 
tion and  the  second  from  the  less  easily.  The  tellurous  chloride 
used  was  prepared  from  purified  tellurium  which  gave  an  atomic 
weight  of  127.5,  the  accepted  value. 

Since  the  publication  of  the  preliminary  paper  describing  this 
work,  the  investigation  has  been  continued  by  Flint,^  who  in  1910 
published  an  account  of  a  more  extended  hydrolytic  treatment, 
resulting  in  a  further  lowering  of  the  atomic  weight  in  the  more 
easily  hydrolyzed  fraction. 

More  recently  Harcourt  and  Baker,'  starting  with  a  sample  of 
telluric  acid  of  assumed  purity  and  reducing  it  to  tellurous  chlor- 
ide by  boiling  with  hydrochloric  acid,  made  a  series  of  four  frac- 
tional hydrolyses  and  found  no  evidence  of  the  lowering  of  the 
atomic  weight.  In  making  the  determinations  of  the  atomic 
weight  they  used  a  different  method  from  any  of  the  three  em- 
ployed by  Browning  and  Flint.  In  order  to  explain  Flint's  re- 
sults, they  suggest  the  presence  of  an  impurity  in  the  tellurium 
used  by  him,  a  hypothesis  which  seems  unlikely  in  view  of  the 
fact  that  the  atomic  weight  of  the  original  material  was  shown 
to  be  127.5,  the  accepted  value.  They  also  state  that  no  atomic 
weight  determination  of  the  less  hydrolysable  fraction  was  made, 
showing  that  they  had  overlooked  the  value  128.5  given  in  the 

lAm.  Jour.  Sci.  XXVIII,  347. 

^Am.  Jour.  Sci.  XXX,  209. 

^Trane.  Chem.  See.  (London)  XCIX,  1311. 
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first  paper,  and  considered  by  the  authors  one  of  the  best  evi- 
dences of  complexity.  In  continuing  their  discussion  of  the 
reasons  for  Flint's  results,  Harcourt  and  Baker  state  that  the 
yellow  color  sometimes  observed  in  the  hydrolytic  fractions  was 
found  by  them  to  be  due  to  a  small  amount  of  telluric  oxide  pres- 
ent in  their  material  presumably  because  of  chlorine  set  free  from 
the  hydrochloric  acid  by  the  action  of  bright  sunlight.  To  in- 
vestigate the  influence  of  this  factor  upon  Flint's  results  they  took 
pure  telluric  oxide  and  by  treating  it  with  nitric  acid  and  drying 
at  140°,  as  in  making  the  basic  nitrate  from  tellurous  oxide,  they 
obtained  a  product  which  on  ignition  gave  a  loss  of  17.35%  of 
oxygen  as  against  16.49%  given  off  when  pure  2  Te02.  HNO3  is 
ignited.  This  seemed  to  show  the  formation  of  a  basic  nitrate 
of  a  higher  degree  of  oxidation;  and  they  stated  that  if  such  a 
salt  were  present,  while  the  presence  merely  of  2  Te02.  HNO3  was 
assumed,  the  atomic  weight  determination  would  result  in  a  value 
of  118.3  for  tellurium. 

In  order  to  investigate  the  conclusions  of  Harcourt  and  Baker 
with  regard  to  the  effect  of  free  chlorine  upon  the  product  of  the 
hydrolysis  of  tellurous  chloride  the  following  experiments  have 
recently  been  made. 

Experiment  I — About  150cm.^  of  pure  hydrochloric  acid  was 
placed  in  a  glass  stoppered  bottle  of  250cm^  capacity  and  allowed 
to  stand  in  the  bright  sunlight  for  three  days.  A  portion  of  this 
acid,  20cm.^,  was  then  placed  in  a  distillation  apparatus  frequently 
used  in  iodometric  processes  and  consisting  of  a  Voit  flask,  serv- 
ing as  a  retort,  sealed  to  the  inlet  tube  of  a  Drexel  wash  bottle, 
the  outlet  tube  of  which  was  trapped  by  sealing  on  Will  and  Var- 
rentrapp  absorption  bulbs.  A  solution  of  potassium  iodide  was 
placed  in  the  Drexel  wash  bottle  and  also  in  the  absorption  bulbs, 
and  the  wash  bottle  was  kept  immersed  in  cool  water.  Before 
beginning  the  distillation  a  current  of  carbon  dioxide  was  passed 
through  the  apparatus  to  expel  the  air,  and  after  the  distillation 
the  gas  was  again  passed  until  the  apparatus  was  cool.  The  20cm.' 
of  the  hydrochloric  acid  which  had  been  exposed  to  sunlight  was 
boiled  in  this  apparatus  to  a  volume  of  lOcm.^  and  the  amount 
of  chlorine  liberated  was  estimated  by  determining  the  iodine 
liberated  from  the  potassium  iodide  which  was  determined  by  ' 
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the  use  of  a  standard  thiosulphate  solution.  By  this  treatment 
the  20cm.^  of  hydrochloric  acid  set  free  0.0038  grm.  of  iodine 
which  would  be  equivalent  to  about  0.0010  grm.  of  chlorine. 
Pure  hydrochloric  acid  set  free  no  iodine  when  subjected  to  this 
distillation  process.  Five  grams  of  pure  tellurous  oxide  were  dis- 
solved in  10cm. ^  of  the  hydrochloric  acid  containing  chlorine  and 
the  solution  was  poured  into  500cm.^  of  boiling  distilled  water. 
Hydrolysis  took  place  at  once;  and  on  standing  over  night  the 
precipitated  product  was  of  a  pale  yellow  color.  After  being 
filtered,  washed  and  dried,  1  grm.  of  this  precipitate  was  dissolved, 
out  of  contact  with  the  air,  in  20cm.^  of  pure  hydrochloric  acid 
contained  in  the  distillation  flask  above  described,  and  the  solu- 
tion was  boiled  to  10cm. ^  No  iodine  was  liberated  from  the 
potassium  iodine. 

Experiment  II — Five  grams  of  pure  tellurous  oxide  were  dis- 
solved in  10cm. ^  of  pure  hydrochloric  acid  and  the  solution  was 
saturated  with  chlorine  gas.  It  was  then  poured  into  500cm. ^ 
of  hot  water  as  in  the  previous  experiment  and  1  grm.  of  the  dried 
faintly  yellow  product  of  hydrolysis  was  treated  as  in  Experi- 
ment I.  The  amount  of  iodine  liberated  was  0.0006  grm.  equiva- 
ent  to  0.0004  grm.  of  telluric  oxide. 

Experiment  III — Five  grams  of  pure  tellurous  oxide  were  dis- 
solved in  lOcm.^  pure  hydrochloric  acid,  the  solution  was  satur- 
ated with  chlorine  gas,  as  in  the  previous  experiment,  and  poured 
into  500cm.^  of  hot  water.  A  current  of  chlorine  gas  was  then 
passed  into  the  liquid  for  a  half  hour.  The  product  which  sep- 
arated was  pale  yellow,  and  1  grm.,  subjected  to  the  distillation 
process  previously  described,  yielded  0.0032  grms.  of  iodine, 
equivalent  to  about  0.0022  grm.  of  telluric  oxide. 

Experiment  IV — In  this  experiment  the  same  procedure  was 
followed  as  in  the  previous  experiment,  except  that  the  procedure 
preparatory  to  the  distillation  was  repeated  twice.  A  slight 
deepening  of  the  yellow  color  was  noticed  after  each  treatment. 
Three  closely  agreeing  results  obtained  by  means  of  the  distilla- 
tion process  gave  0.0062  grm.  of  iodine  for  1  grm.  of  substance, 
which  is  equivalent  to  0.0042  grm.  of  tellurium  trioxide,  or  less 
than  one-half  of  1%. 
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The  filtrates  from  the  hydrolyzed  products  in  Experiments  II 
and  III  were  treated  with  ammonium  hydroxide  and  faintly 
acidified  with  acetic  acid,  in  order  to  precipitate  the  less  hydrolys- 
able  tellurous  material.  After  the  removal  of  these  small  pre- 
cipitates, the  filtrates  were  evaporated  to  dryness  and  1  grm. 
each  of  the  residues  was  dissolved  in  hydrochloric  acid  and  sub- 
mitted to  the  distillation  process  yielding,  respectively  0.0012 
grm.  and  0.0320  grm.  of  iodine,  and  showing  amounts  of  telluric 
oxide  present  equivalent  to  0.0008  grm.  and  0.024  grm.,  small 
amounts  but  larger  than  in  the  hydrolyzed  products. 

It  would  appear  from  these  experiments  that  only  slight  oxida- 
tion results  when  chlorine  is  present  with  the  hydrochloric  acid; 
and  that  the  amount  of  telluric  oxide  carried  down  with  the  tell- 
urous oxide  in  the  hydrolysis  of  tellurous  chloride  is  extremely 
small,  the  greater  part  of  the  telluric  compound  remaining  in 
solution,  as  would  be  expected.  If  the  yellow  color  is  due  to  the 
presence  of  telluric  oxide  and  not  some  crystalline  or  hydrous 
form  of  the  tellurous  compound,  that  oxide  would  appear  to  give 
coloration  quite  out  of  proportion  to  the  amount  present. 

If  pure  telluric  oxide,  on  being  converted  to  a  basic  nitrate, 
gives  a  result  on  ignition  of  less  than  ten  units  on  the  atomic 
weight  of  tellurium,  the  presence  of  less  than  one-half  of  1%, 
obtained  by  saturating  the  hydrochloric  acid  solution  with  chlor- 
ine before  hydrolysis  would  hardly  account  for  the  presence  of 
enough  basis  nitrate  in  the  higher  condition  of  oxidation  to  have 
an  appreciable  effect  upon  the  atomic  weight. 


SUR  LES  DERIVES  ORGANO-METALLIQUES  DE 
L'ANTIMOINE 

Par  Monsieur  P.  Carre 
Paris,  France 

Le  present  m^moire  a  pour  but  de  completer  quelques  points 
relatifs  k  la  triphenystibine  et  aux  chlorures  de  la  mono-et  de 
la  diph^nylstibine. 

La  triphenylstihine  (CeHs)  sSb  fut  d'abord  obtenue  par  Michael- 
is  et  Reese  (Lieb.  Ann.  chem.,  t.  333,  p.  43)  en  condensant  le 
.  chloroure  de  phenyle  avec  le  trichlorure  d'antimoine,  en  solution 
benzenique,  au  moyen  du  sodium.  Le  rendement  obtenu  par 
cette  methode  est  tres  faible,  il  se  forme  surtout  de  I'antimoine 
metallique.  Ainsi  que  I'ont  montre  Pfeiffer,  Heller  et  Pietzsch 
(D.  chem.  G.,  t.  37,  p.  4620,  1904)  ee  compost  se  prepare  beaucoup 
plus  facilement  par  I'action  d'une  quantity  suffisante  de  bromure 
de  ph^nyle-mangesium  sur  le  trichlorure  d'antimoine. 

Le  chlorure  de  la  monophenylstihine  Ce  H5  SbCl2,  se  forme, 
d'apr^s  Hasenbaumer  (D.  chem.  G.  t.  31,  p.  2911,  1898)  lorsqu'on 
chauffe  la  triph^nylstibine  avec  le  trichlorure  d'antimoine. 
Selon,  Michaelis  et  Gunther  (D  G  chem.  G.,  <.  44,  p.  2316,  1911) 
cette  reaction  donnerait  naissance  au  chlorure  de  la  diphenylstihine 
(CeHs)  2Sb  CI. 

J'ai  pense  que  ces  deux  derniers  composes  s'obtiendraient  plus 
facilement  par  Taction  de  1  ou  2  molecules  d'organo-magn^sien 
sur  le  trichlorure  d'antimoine;  on  congoit  en  effet  que  la  reaction 
puisse  se  passer  conf orm^ment  aux  equations : 

C«H«  MgX +Sb  Cl3  =  C«H«  Sb     Cl^ +Mg^^ 

\C1 
Et 

2  CH^Mg  X+Sb  Cl'  =  (C«H»)^Sb  Cl+2  Mg/ 


\ci 
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Mais,  lorsqu'on  ajoute  avec  precaution  une  molecule  d'organo- 
magnesien  a  la  solution  ether^e  du  trichlorure  d'antimoine,  il 
se  forme  surtout  de  la  triphenylstibine  et  tres  peu  de  mono-  et 
de  diphenylstibine. 

On  ne  pent  du  reste  obtenir  directement  les  chlorures,  car  le 
chlorure  de  phenyle  ne  forme  pas  de  derive  magnesien.  II  faut 
s'adresser  a  Faction  du  bromure  de  ph^nyle-magnesium  sur  le 
trichlorure  d'antimoine,  ce  qui  fournit  un  melange  de  chlorures 
et  de  bromures  de  la  mono-  et  de  la  diphenylstibine  toujours  ac- 
compagndes  d'une  forte  proportion  de  triphenylstibine.  Pour 
transformer  ce  melange  en  chlorures  et  separer  en  meme  temps 
la  triphenylstibine  on  le  traite  par  une  solution  de  carbonate  de 
sonde,  ce  qui  donne  les  oxydes  correspondants  CeHsSb  O  et[(C6H5) 
Sb]  2O.  On  lave  ces  oxydes  a  I'ether  qui  enleve  la  triphenylsti- 
bine. La  partie  insoluble  est  traitee,  a  froid,  par  Tacide  chlorhy- 
drique  dilue  de  2  fois  son  volume  d'eau,  ce  qui  rdgenere  les  chlor- 
ures CeHsSb  CI  et  (C6H5)2  Sb  CI. 

Lorsqu'on  essaye  de  separer  ce  melange  par  distillation  frac- 
tionnee  dans  le  vide,  on  n'observe  pas  de  point  d'ebullition  fixe 
(Michaelis  et  Gunther  indiquent  pour  le  chlorure  de  la  diphenyl- 
stibine, 185-230°  sous  15  mm.)  Cela  tient  a  la  facile  decomposi- 
tion par  la  chaleur  de  ces  chlorures  en  triphenylstibine  et  trichlo- 
rure d'antimoine  suivant  les  equations: 

3  C^H^Sb  CP=(C«H^)='Sb+2  Sb  CP 
3  (C«H5)2Sb  Cl  =  2  (C«H^)^Sb-fSb  CF 

Le  liquide  distille  renferme,  en  effet  une  assez  forte  proportion 
de  trichlorure  d'antimoine,  ainsi  que  le  montre  Taction  de  I'eau 
qui  precipite  ce  I'oxychlorure  d'antimoine  alors  que  le  melange 
primitif  n'est  pas  decompose  par  I'eau. 

Cette  tendance  a  la  formation  de  triphenylstibine  se  manifest 
deja  £1,  la  temperature  ordinaire,  au  contact  de  I'acide  chlor- 
hydrique,  qui  enleve  peu  k  peu  du  chlorure  d'antimoine  au 
melange  des  chlorures  de  la  mono-  et  de  la  diphenylstibine;  on 
constate  en  meme  temps  que  ce  dernier  s'appauvrit  en  chlore  et 
que  sa  composition  se  rapproche  de  (C6H5)2Sb  CI,  apres  quelques 
mois  de  contact. 

C'est  sans  doute  de  cette  facile  decomposition  des  chlorures  de 
la  mono-  et  de  la  diphenylstibine  que  proviennent  les  divergences 
des  resultats  de  Hasenbaumer  avec  ceux  de  Michaelis. 
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En  Resume,  raction  du  bromure  de  phenyle-magnesium  sur 
le  trichlorure  d'antimoine  constitue  le  meilleur  mode  de  prepara- 
tion des  phenylstibines.  Cette  reaction  fournit  surtout,  meme 
avec  une  faible  proportion  d'organo-magnesien,  de  la  triphenyl- 
stibine;  lorsqu'on  emploie  une  ou  deux  molecules  d'organo-mag- 
nesien pour  une  molecule  de  trichlorure  d'antimoine,  il  se  forme, 
en  meme  temps  que  la  triphenylstibine,  les  chlorures  de  la  mono- 
et  de  la  diph^nystibine  CeHsSb  CI2  et  (C6H5)2Sb  CI.  Ces  derni- 
ers  sont  decomposes  par  la  chaleur  en  triphenylstibine  et  trichlo- 
rure d'antimoine. 
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ACTION  OF  SOME  FLUORINE  COMPOUNDS 
ON  CLAY,  WATER,  ETC. 

By  D.  H.  Childs 

Buffalo,   N.   Y. 

Introduction 

During  the  investigation  of  possibility  of  making  Alumina 
commercially  by  heating  a  mixture  of  clay  and  the  fluoride  of 
aluminum  a  large  amount  of  original  work  was  necessary  as  little 
is  published  along  that  line.  Some  of  the  results  are  set  forth  in 
the  following: 

Questions  Involved 

To  secure  as  full  a  discussion  as  possible,  we  may  look  for  a 
moment  at  the  following  points  of  interest,  whether  they  have 
all  been  investigated  or  not. 

I.  Formation   of   Hydrofluoric    Acid    gas   from    Aluminium 

Fluroide  and  steam. 

A.  Effect  of  temperature. 

B.  Effect  of  excess  moisture. 

C.  Size  of  grain. 

D.  Effect  of  an  added  clay. 

E.  Character  of  residue  produced,  (dusty  or  not). 

II.  Effect  of  Hydrofluoric  Acid  gas  on  Clay. 

A.  Elimination  of  Silicia. 

a.  Effect  of  temperature  upon  rate  of  elimination. 

b.  Effect  of  size  of  grain  upon  rate  and  completeness. 

c.  Effect  of  excess  of  steam  and  concentration  of  HF. 

B.  Elimination  of  Iron,  Titanium,  Alkalis,  etc. 

C.  Formation  of  aluminium  fluoride  in  the  clay. 

a.  Effect  of  temperature. 

b.  Effect  of  steam. 
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III.  Absorption  of  Hydrofluoric  Acid  gas. 

A.  Effect  of  concentration  of  the  gas. 

B.  Effect  of  rate  of  water  supply. 

C.  Effect  of  kind  of  material  in  the  tower. 

a.  Clay  vs.  coke. 

b.  Kinds  of  clay. 

c.  Raw  clay  or  burnt. 

d.  Clay  wash  on  coke. 

D.  Temperature  of  absorption  water. 

E.  State  of  fluorine  after  absorption,   (HF?    H2SiF6, 
or  AI2F6). 

F.  Effect  of  length  of  clay  column. 

G.  Effect  of  excess  steam. 

IV.  Absorption  of  Silicon  Fluoride. 

A  to  G  as  before,  and  in  addition  the  following: 
H.     Separation  of  fluorine  from  precipitated  silica. 
I.     Clogging  of  pipes  by  precipitated  silica. 

V.  Neutralization  of  acid  solutions  by  clay. 

A.  Effect  of  kind  of  clay. 

B.  Effect  of  temperature  at  which  clay  is  dried. 

C.  Effect  of  fineness  of  clay. 

D.  Temperature  of  solution.     (Effect  of) 

E.  Effect  of  concentration  of  solution. 

F.  Effect  of  valence  of  iron. 

G.  Effect  of  excess  of  clay. 

(The  effectiveness  and  value  are  to  be  judged  by  the 
completeness  with  which  the  silica,  iron,  and  tita- 
nium are  removed  from  the  solution).  j 

VI.  Crystallization  and  drying  of  Aluminium  Fluoride. 

A.  Evaporation  of  water,  and  with  it  HF  (by  hydroly- 
sis) 

B.  Solubility  of  the  fluoride. 

C.  Mechanical  separation  of  water  from  crystals. 

D.  Drying  by  heat  (loss  of  HF) 
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VII.  Losses. 

A.  Fluorine. 

a.  In  dust  from  calciner  where  mix  is  heated. 

b.  In  finished  oxide, 

c.  In  gas  from  absorption  tower,  as  HF  or  SiF4 

d.  In  residue  from  neutrahzation  of  acid  solutions 

(a)  Soluble  compounds, 

(b)  Insoluble  compounds. 

e.  In  mother  liquor. 

f.  In  gases  during  drying  of  the  fluoride, 

B.  Alumina, 

a.  In  dust  from  calciner, 

b.  In  residue  from  neutralization  of  acid  solutions. 

VIII.  Corrosion  of  apparatus. 

A.  By  vapor  of  HF, 

B.  By  solutions. 

a.  Acid  solutions, 

b.  By  neutral  solutions. 

Investigations  Carried  Out 

I.  Formation  of  HF  gas  from  Aluminium  Fluoride  and  steam. 
After  assuring  myself  of  the  completeness  with  which  the  reaction 
Al2F6+3H2  =  OAl203+6HF  is  carried  out  when  the  products  are 
removed,  I  tried  the  reaction  at  the  temperatures  given  below 
with  results  as  shown.  The  preliminary  tests  were  run  in  an  open 
crucible,  (of  platinum),  at  a  red  heat,  the  temperature  tests  in  a 
pipe  heated  from  the  outside,  a  steam  pipe  connected.  The 
steam  and  vapor  were  led  into  a  copper  beaker  containing  water, 
and  the  amount  was  determined  by  titration  with  normal  alkali, 
phenolphthalein  being  the  indicator. 


Steam 

Temperature 

N. 

Alkali  Used 

Time 

93.5  g. 

100    C. 

0.3  cc. 

20  min. 

30.0  g. 

180    C. 

0.0  cc. 

20  min 

169.0  g. 

300    C, 

1.0  cc. 

20  min 

95.0  g. 

400    C. 

16.2  cc. 

16  min 
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About  20  grams  of  fluoride  were  used  each  time ;  in  the  last  case 
the  outside  of  the  tube  was  red  hot  while  the  Pyrometer  showed 
only  400°  C.  (iron  tube).  Temperature  was  taken  by  a  thermo- 
couple of  nickel-iron,  calibrated  with  a  Weston  mill  voltmeter. 

This  work  shows  that  somewhere  between  300°  C.  and  400° 
a  real  start  was  made  in  the  evolution  of  the  gas.  What  effect 
clay  would  have  has  not  as  yet  been  tried.  This  and  some  other 
tests  I  hope  to  make  during  the  summer,  and  bring  to  the  Con- 
gress. 

II.  Effect  of  HF  gas  on  clay. 

The  only  point  tested  as  yet  is  that  at  100°  C.  no  sign  of  silica 
is  to  be  found  in  the  solution.  At  what  temperature  it  does  come 
over,  and  what  effect  if  any  steam  will  have,  as  also  the  speed  of 
removal  of  the  products  of  the  reaction,  have  not  been  settled. 

III.  The  absorption  of  HF  by  water. 

In  making  these  tests  it  was  necessary  to  get  as  steady  a  flow 
of  the  gas  as  possible,  and  to  do  so  I  first  used  calcium  fluoride 
and  sulphuric  acid,  then  aluminium  fluoride  and  acid,  then  dilute 
hydrofluoric  acid,  and  next  sodium  fluoride  and  acid,  and  last 
of  all  ammonium  fluoride  and  acid  When  running  the  gas  into 
the  tower  to  show  the  amount  absorbed  by  t  he  water  and  clay, 
titrations  were  made  at  intervals  as  shown  below,  showing  at  the 
same  time  the  uniformity  of  evolution  of  the  acid. 


Length  of  interval 

15  min. 
14  min. 
12  min. 
12  min. 
10  min. 
17  min. 
12  min. 
14  min. 


It  will  be  understood  that  these  runs  were  made  on  one  lot  of 
ammonium  fluoride  and  acid,  air  being  blown  through  all  the 
time,  and  water  running  slowly  through  the  tower.     The  fluoride 
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weighed  10  g.,  (48%  NH4F),  was  placed  in  a  lead  cup  set  in  a 
bath  of  calcium  chloride,  at  a  temperature  of  120  to  135°  C.  air 
running  19  cubic  feet  per  hour. 

A.  In  testing  the  effect  of  concentration  of  the  gas,  it  was  diffi- 
cult to  get  acceptable  results,  for  w^hen  slow  air  currents  were  used 
the  acid  seemed  not  to  be  delivered  to  the  tower.  The  results 
obtained  follow: 


Time  of  Run 

Cu.  Ft.  Air 

Wt.  of 

NH4 

F  Alkali  Used 

Water 
per  Tnin 

1  hour 

16.7 

9. 

5g. 

48.     cc. 

20  cc. 

1  hr.,  5  min. 

5.8 

10. 

g- 

35.     cc. 

20  cc. 

55  min. 

5.2 

10. 

g- 

17.5  cc. 

20  cc. 

1  hr. 

24. 

10. 

g- 

41.0  cc. 

20  cc. 

1  hr. 

approx.  40 

10. 

g- 

41.2  cc. 

20  cc. 

1  hr.,  4  min. 

19.3 

10. 

g- 

27.2  cc. 

80  cc. 

1  hr. 

15.9 

10. 

g- 

32.4  cc. 

8  cc. 

The  alkali  used  includes  that  required  for  the  rinsings.  These 
consisted  of  500  cc  of  water  poured  through  the  tower  in  three  lots. 
To  test  the  completeness  of  the  rinsings  in  the  last  case  above, 
two  subsequent  rinsings  were  made  in  the  same  way,  using  the 
same  amounts  of  water. 

No.  1  6.0  cc  alkali  used. 

No.  2  2.0  cc  alkali  used. 

No.  3  0.8  cc  alkali  used. 

Every  time  before  a  run,  the  tower  was  well  rinsed  by  a  stream 
of  water  for  some  minutes.  This  was  repeated  at  the  end  of 
the  run. 

There  was  a  notable  change  in  the  material  titrated  in  the  last 
run  given  above.  That  time  the  end-point  was  slow  in  coming, 
in  the  manner  well-known  to  those  acquainted  with  the  titration 
of  hydrofluosilicic  acid.  The  longer  time  given  in  this  case  for 
the  action  of  the  acid  upon  the  clay  had  its  effect.  Whether  a 
longer  time  would  have  changed  it  to  the  aluminium  fluoride, 
and  how  much  of  this  effect  was  due  to  that  material,  I  am  not 
in  a  position  to  say.  Certain  it  is  that  the  end-point  was  always 
faster  with  the  more  rapid  flow  of  water. 
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In  the  work  outlined  above,  it  is  difficult  to  say  how  much  of 
the  HF  gas  if  any,  actually  escaped.  Frequent  attempts  to  get 
the  odor  at  the  top  of  the  tower  gave  rarely  a  trace  of  the  smell, 
and  I  am  coming  to  believe  that  very  small  amounts  of  the  gas 
may  be  detected  in  that  way,  but  in  some  previous  work  with  a 
weighed  amount  of  a  titrated  acid,  titrating  the  acid  caught  I 
found  that  from  80%  to  90%  of  the  acid  was  caught.  In  this 
work  just  given,  I  could  be  certain  of  the  amount  of  acid  passed 
into  the  absorption  tower,  but  I  could  not  tell  about  the  dilution 
of  the  gas. 

C.  Heating  clay  has  the  well-known  effect  of  ending  the  prop- 
erty of  slacking  in  water.  It  is  also  known  that  this  treatment 
increases  its  solubility  in  acids,  hence  the  clay  for  the  tower  may 
be  benefitted  by  this  treatment.  The  temperature  varies  for 
different  clays,  but  those  used  in  these  experiments  showed  up 
well  when  heated  to  300°  C.  or  thereabouts. 

The  tower  used  has  a  depth  of  clay  of  about  8  inches.  Size 
of  lumps,  through  one-half  and  on  one-quarter  inch.  Weight  of 
clay,  one  pound. 

IV.  Not  enough  work  has  yet  been  done  on  the  absorption  of 
SiF4  to  be  acceptable,  but  indications  point  to  the  rapid  reaction 
of  this  gas  with  water,  forming  hydrofluosilicic  acid,  and  a  glass 
plate  placed  on  top  of  the  tower  showed  no  sign  of  any  action  of 
fluorides  or  deposit  of  silica  with  the  moisture  condensing  there. 

V.  Neutralization  of  Acid  Solutions  by  Clay. 

This  has  been  well  worked  out  in  the  Grabau  process  for  the 
preparation  of  Aluminium  Fluoride  from  Clay.  (Richards; 
Aluminium,  Third  Edition,  p.  173).  This  article  points  out  the 
need  of  proper  calcination  of  the  clay  if  neutrality  is  to  be  ob- 
tained, which  is  necessary  for  the  elimination  of  the  silica;  it  is 
also  necessary  for  the  precipitation  of  the  iron  and  titanium,  and 
the  freedom  from  action  on  vessels  used  in  the  concentration 
of  the  liquors. 

If  the  solution  is  strong,  (15%  HF),  the  chemical  action  will 
heat  it,  and  the  action  will  be  rapid;  if  weaker  acid  is  to  be  neu- 
tralized it  may  be  best  to  heat  it.  The  solubility  of  the  fluoride 
is  much  greater  in  the  hot,  which  accounts  for  the  ease  of  neutrali- 
zation then. 
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So  far  as  this  process  is  concerned  the  elimination  of  the  silica 
is  not  an  important  matter,  as  any  left  in  would  go  off  in  the  cal- 
ciner  later,  but  although  half  the  iron  and  more  than  half  the 
titanium  have  in  my  experiments  been  volatilized  in  the  calcin- 
ation, (allowing  of  course  for  the  alumina  from  the  fluoride  as 
well  as  that  from  the  clay),  as  much  as  possible  should  be 
precipitated  in  neutralizing  the  acid. 

VI.  Crystallization  and  drying  of  Aluminium  Fluoride. 

The  solubility  of  the  fluoride  is  so  much  greater  at  high  tem- 
peratures that  a  solution  which  shows  25°  Be.  after  filtering  hot 
crystallizes  enough  fluoride  over  night  to  bring  it  to  7  or  9°  Be. 
Refrigeration  further  reduces  the  solubility.  While  refrigeration 
may  be  used,  evaporation  in  an  open  pan  gives  good  results,  the 
product  being  free  from  iron  if  the  scrapers  used  to  remove  the 
crystals  do  not  scrape  too  hard  on  the  bottom  of  the  pan.  There 
is  a  layer  of  ferruginous  salt  next  the  pan  which  should  not  be 
disturbed.  Some  fluorine  is  no  doubt  lost  here  by  hydrolysis, 
which  may  be  reduced  by  running  these  gases  to  the  tower  where 
the  acid  vapor  is  recovered,  and  in  other  ways. 

VII.  Loss  of  fluorine. 

To  get  an  idea  of  the  vapor  pressure  of  solutions  of  hydro- 
fluoric acid,  a  ten-gram  sample  was  placed  in  a  lead  cup  and  air 
blown  through  at  the  following  temperatures,  the  gas  and  air 
passing  through  water  containing  a  known  volume  of  normal 
alkali  in  a  wooden  cup.     The  excess  of  alkali  was  then  titrated. 

Temperature  Normal  Alkali 

14°  C.  0.5  cc. 

60°  C.  0.4  cc. 

75°  C.  0.4  cc. 

100°  C.  0.5  cc. 

102  to  109°  C.  15.7  cc. 

Time  in  each  case  ten  minutes,  except  the  last,  which  was  be- 
tween four  and  five  minutes. 

These  results,  with  the  absence  of  etching  on  glass  placed  on 
top  of  the  tower,  and  the  high  recovery  when  the  acid  was  vol- 
atilized and  blown  through  the  tower  %vith  a  large  excess  of  air, 
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indicate  the  low  losses  of  the  gases.     To  what  extent  dusting 

would  cause  a  loss  I  am  not  able  to  say.     The  dust  itself  would 

mostly  be  caught  in  the  tower,  but  the  solubility  of  the  fluorides 

is  low  enough  so  that  some  of  it  would  in  all  probability  go  along 

with  the  residue.     Such  a  residue  showed  on  analysis 

Water,  11.5% 

Silica,  70.0% 

Ferric  Oxide,  1 . 0% 

Fluorine,  2.5% 

Alumina  (including  that  as  AI2F6),  11.0% 

The  loss  in  the  finished  product  is  not  really  a  loss,  as  it  enters 
at  once  into  the  other  oflSce  of  fluorine  in  the  aluminium  industry. 
If,  however,  the  product  is  to  be  used  for  the  fused  oxide,  this 
fluorine  is  a  loss  and  causes  a  loss  of  alumina  also,  the  crystalized 
fluoride  being  formed  on  the  side  of  a  crucible  when  heated  in  a 
strong  blast. 

Corrosion. 

One  objection  to  the  use  of  any  method  employing  the  fluorides 
or  HF  is  the  corrosion  caused  by  these  compounds.  On  the  one 
hand  let  it  be  said  that  this  property  is  the  very  reason  why  this 
process  is  available.  On  the  other  hand  the  vapor  of  HF  does 
not  corrode  iron  when  no  moisture  condenses  upon  it,  unless  the 
corrosion  occurs  at  or  above  a  red  heat.  On  this  point  I  am  not 
informed.  Iron  is  therefore  available  as  a  construction  material 
at  the  higher  temperatures,  and  lead  at  the  lower. 


PHOSPHOROUS    AND     ITS     COMPOUNDS      STUDIED 
ESPECIALLY    IN    RELATION    TO    THE    MANU- 
FACTURE OF  MATCHES 

By  Edwy  Godwin  Clayton,  F.C.S.,  F.I.C. 
London,  Eng. 

Particularly  important  just  now  are  the  problems  connected 
with  the  constitution  of  the  igniting  mixtures  used  for  the  heads 
of  matches.  Therefore,  the  following  account  of  the  principal 
varieties  and  derivatives  of  phosphorous,  which  have  been  used 
or  proposed  to  be  used  in  the  match  industry,  is  with  much  re- 
spect submitted  to  the  Congress  by  the  writer,  together  with 
some  remarks  upon  the  relative  suitabilities  of  these  products 
for  the  purpose,  and  a  few  suggestions  regarding  the  characters 
to  be  sought  in  the  ideal  igniting  substance  for  the  match  of  the 
future. 

From  the  date  of  Sauria's  invention  of  the  phosphorous  fric- 
tion match  (1831)  until  six  years  ago,  ordinary  white  or  yellow 
phosphorous  was  pre-eminently  the  combustible  body  for  match- 
heads;  but  Lorinser  and  other  investigators,  from  1845  onwards, 
pointed  to  the  dangers  attending  its  use;  and  since  1906  in  most 
European  countries  this  has  been  forbidden.  Some  countries 
(Denmark  and  Switzerland  for  instance)  even  earlier  prohibited 
the  manufacture  of  matches  with  white  phosphorous  in  the  com- 
postions.  Great  Britain  adopted  prohibition  in  1908  (8  Ed. 
VII.,  1908,  ch.  42);  and  there  can  be  little  doubt  that  eventually 
every  country  in  Europe  will  follow  suit.  This  is,  for  the  sake 
of  the  workers  in  match  factories  earnestly  to  be  wished.  United 
States  also  has  formed  a  way  to  put  a  stop  to  the  use  of  white 
phosphorous  in  the  manufacture  of  matches  by  a  prohibition  tax 
placed  upon  their  production  after  July  1,  1913.  The  horrors 
of  the  phosphorous  disease,  matchmakers'  necrosis,  or  "phossy 
jaw,"  as  it  used  to  be  called  by  the  British  operatives,  have  caused 
an  incalculable  amount  of  suffering;  and  we,  of  whatever  race, 
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owe  it  to  our  account  with  coming  generations  that  in  our  time 
we  should  have  stamped  out  the  evil  in  every  part  of  the  civil- 
ized world. 

White  phosphorous  was  in  early  days  thought  to  be  as  unmanage- 
able as  a  man-eating  tiger.  Mixtures  with  diluents  such  as  magne- 
sia (Derepas,  1809),  were  kept  in  flasks  or  phials  and  withdrawn 
in  small  quantities  at  a  time,  upon  splints,  which  were  then 
ignited  by  friction.  Later,  after  Sauria  and  his  successors  had 
shown  how  easily  white  phosphorous  friction  matches  could  be 
made,  and  after  these  products  had  long  been  in  general  use, 
the  grave  difficulty  of  necrosis  presented  itself:  a  difficulty  yet 
being  grappled  with  in  countries  where  the  use  of  ordinary  phos- 
phorous has  not  been  discontinued.  The  striking  parts  of  the 
heads  of  double-tip  matches  are  stated  unfortunately  to  contain 
extremely  large  proportions  of  white  or  yellow  phosphorous; 
and  it  should  be  the  aim  of  every  maker  to  produce  similarly 
excellent  matches  free  from  a  particle  of  this  risk-laden  ingredient. 

The  dark  red,  or  so  called  "amorphous,"  variety  of  phos- 
phorous, discovered  by  v.  Schrotter  (1845),  but,  it  would  seem, 
previously  tried  by  Pasch  (1844),  in  the  belief  that  he  was  work- 
ing with  an  oxide,  and  during  the  fifties  unsuccessfully  essayed 
in  strike-anywhere  matches  by  British,  French,  and  Austrian 
manufacturers,  came  chiefly  to  be  used  as  is  well-known,  in  the 
rubbing  surfaces  or  rubbers,  on  the  boxes  of  safety-matches. 
The  last-named,  by  the  way,  have  greatly  increased  in  popular- 
ity of  late  years  in  Great  Britain.  The  difficulties  attending 
the  employment  of  amorphous  phosphorus  in  the  heads  of 
strike-anywhere  matches  have  of  late  years  been  overcome  to 
a  considerable  extent.  The  writer  has  not  only  examined  good 
matches  of  Continental  manufacture,  with  dark  red  phosphorous 
in  the  friction-heads,  but  has  himself  succeeded  in  making 
practicable  red  phosphorous  strike-anywhere  matches  of  quite 
presentable  quality.  The  perils  of  mixing  and  milling  match- 
compositions  containing  red  phosphorous  have  for  many  years 
been  unduly  magnified,  not  to  say  exaggerated;  and  it  is  possible 
to  prepare  without  danger  mixtures  containing  reasonably  small 
proportions  of  red  phosphorous,  which  in  the  match-heads  will 
not  ignite  explosively,  nor  burn  with  fierceness  and  irregularity. 
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Dark  red  phosphorous,  when  reasonably  pure,  is  non-toxic, 
gives  off  no  vapour  or  "fume,"  even  at  temperatures  far  above 
ordinary  working  and  living  conditions,  and  the  temperatures 
required  to  ignite  match-compositions  containing  it  are  consider- 
ably higher  than  those  which  cause  the  "firing"  of  white  phos- 
phorous compositions.  The  disadvantages  of  dark  red  phos- 
phorus are  its  high  price,  and  a  tendency,  shown  in  many  com- 
mercial samples,  to  take  up  moisture  and  undergo  partial  oxida- 
tion. Many  ways  of  "taming"  amorphous  phosphorus  have  been 
tried;  the  efforts  have  been  in  the  directions  of  rendering  less 
violent  its  reaction  with  potassium  chlorate  of  modifying  the 
temperature  of  its  ignition,  of  rendering  the  material  less  hygro- 
scopic, and  of  making  it  safer  to  handle  in  the  factory.  Mixtures 
of  red  phosphorus  with  zinc  powder,  sulphur,  chalk,  paraffin  wax, 
zinc  oxide  and  chalk  together,  borates  and  phosphates,  or  with 
flour  and  cork-dust,  have  been  used  by  various  inventors;  boil- 
ing with  aqueous  solutions  of  metaUic  salts,  and  distillation, 
followed  by  filtration  (for  the  removal  of  acidity,  etc.)  have  also 
been  suggested.  The  Schwiening  method  of  introducing  cal- 
cium plumbate  into  a  match-composition  containing  red  phos- 
phorous, potassium  chlorate,  and  other  ordinarj^  constituents, 
was  in  1907  adopted  in  Germany,  with  some  success,  though  the 
matches  so  made  have  not  been  free  from  severe  criticism.  It 
is  contended  that  the  calcium  salt,  in  decomposing,  produces 
lead  peroxide,  neutralizes  the  acid  products  of  oxidation,  and 
regulates  the  combustion. 

The  so-called  "neutral  amorphous  phosphorous"  of  Causse- 
mille  Jeune  et  Cie  and  Roche  et  Cie  (1909)  is  prepared  by 
"treating  by  distillation  and  filtration  ordinary  amorphous 
phosphorous  which  has  previously  been  well  washed."  These 
processes  remove  small  quantities  of  white  phosphorous,  oxy- 
acids  of  phosphorous,  or  alkaline  bases,  if  present;  the  product 
is  stated  to  be  without  any  basic  or  acidic  reaction;  and  the  use 
of  such  a  preparation  may  undoubtedly  diminish  the  risk  of 
formation  of  hygroscopic  compounds  in  a  red  phosphorus  match 
composition. 

Other  varieties  or  derivaties  of  the  element  phosphorus  are 
of  different  shades  of  red,  from  orange-tinted  to  scarlet,  insoluble 
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in  carbon  disulphide,  just  as  is  dark  red  phosphorus,  more  chem- 
ically active  than  the  last-named  inflammable  in  some  instances 
at  lower  temperatures,  and,  so  far  as  we  know,  non-poisonous. 

The  only  one  of  these  light  red  products  known  to  the  writer 
to  be  used  in  Great  Britain  is  "Scarlet  Phosphorus,"  or  "bright 
red  phosphorus,"  (P4)2  (?),  discovered  by  Schenck  (1903),  but 
products  of  somewhat  duller  tints,  similar  to  those  obtained  by 
Boeseken's  (1907)  and  Zecchini's  (1907)  methods,  are,  it  is  be- 
lieved, considerably  used  abroad. 

Scarlet  phosphorus  is  employed,  in  the  United  Kingdom,  for 
the  production  of  strike-anywhere  or  "parlour"  matches,  but 
not  to  a  very  large  extent;  and.  although  it  yields  very  good 
matches,  these,  in  the  opinion  of  friends  of  the  writer  who  are 
match  manufacturers,  strike  less  freely  and  yield  more  smoke 
than  matches  made  with  tetraphosphorus  trisulphide,  one  of 
the  class  of  compounds  and  derivatives  next  to  be  described, 
namely,  the  sulphides  of  phosphorus.  Faraday  (1818)  was  one 
of  the  first  to  prepare  any  of  these  bodies;  Berzelius  and  later 
observers  worked  at  the  subject  throughout  the  nineteenth 
century;  in  1823  small  quantities  of  sulphur  and  phosphorus, 
carefully  fused  together,  were  supplied  in  phials,  in  conjunction 
with  sulphur-tipped  splints,  by  which  some  of  the  mixture  was 
withdrawn,  to  be  kindled  by  friction;  Puscher  (1860)  proposed 
without  avail  the  use  in  match  heads  of  sulphide  of  phosphorus 
instead  of  phosphorus:  Bals  (1896)  suggested  the  employment  of 
a  fused  mixture  of  the  sulphur  and  red  phosphorus:  and  finally, 
an  examination  of  tetraphosphorus  trisulphide,  discovered  by 
Lemoine  (1864)  led  Sevene  and  Cahen  to  adopt  this  compound 
in  the  manufacture  of  French  matches  (Ger.  and  Eng.  patents, 
(1898). 

More  than  a  dozen  compounds  of  phosphorus  and  sulphur 
have  been  described  or  mentioned  by  Faraday,  Berzelius,  Bott- 
ger,  Mitscherlich,  and  later  investigators — P4S  (Berzelius,  1843); 
P2S  (Faraday,  1818,  Berzelius,  1843);  P2S  (Berzelius);  terra- 
phosphorus  trisulphide,  P4S3  (Lemoine);  P2S3  (Serullas),  PsSe, 
P2S4,  or  PS2  (Seller);  pentasulphide,  P4S10  (Berzelius);  P4S5  and 
P4S7  (Mai);  PgSn  (Dervin);  P3S5  (Boulouch);  PSe  (Berzelius); 
and  P2S6  (Stock  and  others);  Helff  (1893)  considered  that  the 
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existence  of  four  of  these  compounds  had  been  proved;  P4S3; 
P4S7;  PsSe  and  P2S5.  But  Stock  and  v.  Bezold  (1908)  and,corrob- 
oratively,  Mai  (1911),  conclude  that  the  existence  of  only  three 
sulphides  of  phosphorus  have  been  established:  namely,  tetra- 
phosphorus  trisulphide,  P4S3,  tetraphosphorus  heptasulphide, 
P4S7,  and  tetraphosphorus  decasulphide,  P4S10.  The  trisulphide 
or  so-called  "sesquisulphide,"  is  the  chief  phosphorus  derivative 
applied  at  the  present  time  in  Great  Britain  to  the  manufacture 
of  strike-anywhere  matches.  It  is  extensively  used  in  Sweden 
and  elsewhere  on  the  Continent  of  Europe :  exclusively  in  France : 
and  very  largely  indeed  in  the  United  States  of  America.  Non- 
toxic, pale  yellow,  soluble  in  carbon  disulphide,  inflammable  at 
about  the  temperature  of  boiling  water,  readily  workable  in 
match  compositions,  yielding  mixtures  which  do  not  give  off  in- 
jurious vapours  during  the  manufacturing  operations,  and 
moderate  in  price,  sesquisulphide  of  phosphorus  has  proved 
itself  a  useful  and  satisfactory  substitute  for  the  deadly  phos- 
phorus. The  matches,  if  in  a  trifling  degree  less  sensitive  to 
friction  than  the  white  phosphorus  products,  are  as  good  as  can 
reasonably  be  desired;  and  their  manufacture  is  at  least  humane. 
Other  preparations  of  phosphorus  and  sulphur  containing  the 
elements  in  proportions  different  from  those  in  sesquisulphide 
have  been  suggested  or  tried  in  Europe,  such  as  the  products 
described  by  Wheelwright  (1902),  combinations  of  phosphorus 
with  sulphur  the  phosphorus  being  in  excess  of  that  present  in 
tetraphosphorus  trisulphide;  Johnson,  for  the  Chemische  Fabrik 
Griesheim-Elektron  (1902),  compounds  stated  to  be  the  tri- 
sulphide P2S3,  hexasulphide  PsSe,  and  pentasulphide  P2S5,  with 
the  addition  of  zinc  oxide  to  prevent  the  evolution  of  sulphur- 
etted hydrogen  from  the  wet  match-composition;  Huch  (1903), 
a  preparation  of  sulphur  and  phosphorus  obtained  by  treating 
red  phosphorus  with  sulphur  chloride,  or  with  a  solution  of 
sulphur  in  the  chloride;  and  Stahl  and  Nolke  (1910),  P4S10,  pre- 
pared by  heating  to  the  fusing  point  a  mixture  of  P4S3  with  sul- 
phur and  described  as  separating  from  its  solution  in  carbon 
disulphite  in  the  form  of  yellowish  plates.  This  body  melts  at 
52°  C,  and  at  128°-130°  C.  is  converted  into  P2S5,  insoluble  in 
carbon  disulphide. 
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Besides  the  foregoing  sulphur-phosphorus  preparations  and 
very  closely  related  to  some  of  them,  several  compounds  contain- 
ing or  consisting  of  metallic  thiophosphites,  hypothiophos- 
phites,  and  pyrothiophosphites,  have  been  introduced  for  match- 
manufacturers'  use:  such  as  the  Griesheim  Elektron  Company's 
"sulfophosphit"  (1902)  a  thiosulphite  or  hypothiosulphite  prep- 
aration, in  which  are  very  intimately  associated  together  sul- 
phur, zinc,  and  phosphorus,  stated  to  be  obtained  by  uniting 
red  phosphorus,  sulphur,  and  metallic  sulphites,  in  the  required 
proportions:  the  product  of  Gartenmeister  (1908)  consisting  of 
the  pyrothiophosphite  of  antimony  or  other  heavy  metal;  and 
Staier's  compound  (1912),  made  by  heating  red  phosphorus, 
sulphur  chloride,  and  a  metallic  sulphide  to  65°  C. 

Oxygen  compounds  of  phosphorus  have  also  been  tried.  In 
the  year  1898,  Bohy,  Gallay  and  Company  proposed  the  use  of 
metallic  hypophosphites,  such  as  the  calcium  salt  in  conjunction 
with  bichromate  of  potassium  and  barium  chromate;  and  the 
writer  during  the  following  year  made  on  a  fairly  large  experi- 
mental scale  some  quite  good  matches  containing  calcium  hypo- 
phosphite  in  association  with  chromic  acid. 

The  agent  of  the  before-mentioned  Griesheim-Elektron  Com- 
pany in  1903  patented  a  substance  claimed  to  be  phosphorus 
suboxide,  P4O.  Whether  the  existence  of  a  definite  compound 
represented  by  this  formula  has  yet  been  established,  is,  however, 
a  debatable  question,  which  Chapman,  Lidbury,  and  Burgess 
(1899-1901)  have  answered  in  the  negative,  though  Michaelis 
and  V.  Arend  (1902)  dispute  their  conclusion.  Hydrides  of 
phosphorus  have  not  been  forgotten,  and  have  yielded  encour- 
aging results.  Wheelwright  (1906)  proposed  the  use  of  solid 
phosphorous  hydride  (P4H2)  or  P12H6  and  Castighone  (1907) 
followed  suit.  Later  (1909),  Wheelwright  recommended  the 
hydride  P9H2,  an  orange  red  product  obtained  from  P12H6  by 
the  action  of  sunlight,  or  by  exposure  to  a  temperature  of  about 
175°  C.  Many  trials  have  been  made  with  metallic  phosphides, 
but  the  results  obtained  by  the  writer  were  not  promising. 

Lastly,  a  few  organic  compounds  of  phosphorus,  or  prepara- 
tions in  which  the  element  is  intimately  associated  with  carbon 
compounds    have    been  suggested.     Examples  are  phosphorus   i 
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phenylhydride,  P4H,  CeHs  (Wheelwright,  1906);  and  certain 
mixtures  of  hydrocarbons,  such  as  naphththalene,  anthracene, 
and  the  hke,  with  phosphorous  (Bale,  1902). 

The  desideratum  is  still  a  combustible  substance  which  will 
ignite  at  a  temperature  sufficiently  but  not  dangerously  low, 
which  will  be  absolutely  non-poisonous,  will  give  off  no  injurious 
vapour  or  "fume,"  at  any  stage  of  the  manufacture,  and  can  be 
used  with  ease  and  safety  in  match  works.  It  must  mix  evenly 
and  well  with  the  rest  of  the  ingredients  of  a  match-composition 
and  without  any  disengagement  of  gas,  should  have  no  retard- 
ing effect  upon  the  drying  of  the  binding  medium,  and  should 
yield  a  product  as  sensitive  to  friction  as  the  best  "double-tip" 
match  that  ever  was  made.  The  match  must  be  liable  neither 
spontaneously  to  ignite  at  any  reasonable  temperature,  nor  to 
be  affected  detrimentally  by  a  damp  atmosphere.  In  conclusion, 
the  new  and  ideal  match-product  must  be  cheaper,  either  abso- 
lutely, or  relatively  to  excellence  of  quality  and  the  adrantages 
provided,  than  anything  now    o  be  had. 
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SUR  UNE  METHODE  NOUVELLE  DE  RECUPERATION 

des  matieres  employees  dans  la  fabrication  de  la  soie  artificielle 
au  collodion.     (Sulfhydrates  alcalins) 

Par  Oct,  Dony-Henatjlt 

Professeur  d  I'Ecole  des  Mines  et  Faculte  Polytechnigue  du  Hainaut 
a  Mons.  (Belgique) 

Depuis  I'annee  1884,  epoque  k  laquelle  la  Cte  de  Chardonnet 
d^posait  en  France  le  brevet  oil  fut  decrit  pour  la  premiere  fois 
la  m^thode  si  ingenieuse  qui  permettait  de  preparer,  par  filage 
sous  pression  d'une  solution  de  collodion,  des  filaments  de  soie 
artificielle,  le  procede  de  Chardonnet  ^tudie  et  perfectionn^  de 
toutes  fagons  par  les  techniciens  a  pris  rang,  apr^s  combien  de 
vicissitudes,  parmi  les  proc^des  vraiment  industriels. 

Plusieurs  Usines  produisent  annellement  en  Europe  une  quan- 
tite  voisine  de  3,000,000  kgs.  de  soie  au  collodion  soigneusement 
denitr^e. 

Mais  des  industries  rivales  sont  apparues,  capables  de  fournir 
des  soies  artificielles  parfaitement  vendables:  le  filage  de  la  soie 
viscose  et  celui  des  solutions  cuproammoniacales  de  cellulose 
sont  aujourd'hui  industriellement  realises  avec  succes.  A  raison 
de  la  simplicity  plus  grande  des  reactions  utilis^es,  de  la  recu- 
peration apparement  aisee  d'une  partie  des  matieres  premieres; 
de  la  suppression  de  I'alcool  et  de  Tether  comme  v^hicules,  on 
aurait  pu  considerer  a  priori  comme  devant  devenir  meurtrier 
pour  rindustrie  de  la  soie  de  Chardonnet,  le  developpement  de 
ces  concurrents.  En  fait  jusqu'aujourd'hui  ces  craintes  apparais- 
sent  pr^matur^es  ou  inj  ustifi^es.  Pour  des  causes  plutot  generales, 
sans  doute,  le  prix  de  la  soie  au  collodion  s'est  abaisee  mais  I'in- 
dustrie  de  la  soie  au  collodion  ne  parait  pas  avoir  et^  plus  sensible- 
ment  affect^e  par  I'apparition  des  autres  soies  que  par  ellememe, 
je  veux  dire  par  la  proliferation  des  usines  de  soie  au  collodion. 
On  en  trouvera  la  preuve  dans  ces  quelques  chiffres  comparatifs 
aux  usines  de  soie  les  plus  importantes  de  Belgique. 

83 
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Nom  de  I'Usine  productrice       Capital  actions     B6n6fice  indiistriel  en  1911 

Soie  artificieUe  de  Tubize        2,000,000        2,101,868        ] 
Soie  artificieUe  d'Obourg  1,500,000  frs  1,097,064  F.    [  Soi  au  collodion 

La  soie  Viscose  (a  Hofstave)  4,350,000  998,885         J 

Soie  de  Hal  (Linkmeyer)  en  liquidation  soie  au  cuivre  am- 

moniacal 


Ces  chiffres  attestent  la  vitalite  reelle  de  I'industrie  de  la  soie 
artificieUe  au  collodion.  En  ce  moment  encore  une  usine  nou- 
velle  s'^leve  h.  Basecles  avec  le  concours  personnel  du  Comte  de 
Chardonnet,   inventeur   impenitent   aujourd'hui   octogenaire. 

Cette  resistance  du  procede  au  collodion,  a  la  concurrence 
des  autres  methodes  tient  sans  doute  a  de  multiples  causes  que 
I'object  de  cette  note  ne  permet  point  de  developper,  mais  on 
peut  dire  en  passant  qu'en  fait,  les  soies  artificielles  au  collodion 
au  cuivre  ou  viscose  representent  trois  produits  bien  differents 
par  leurs  proprietes  physicochimiques  et  qui  sont  specifiquement 
appropries  aux  usages  varies  des  soies  artificielles;  la  concurrence 
qui  s'etablit  entre  ces  proc^des  est  done  de  nature  speciale.  Quoi- 
qu'il  en  soit  la  depreciation  d'ensemble  du  prix  du  kilo  de  soie 
artificieUe^  qui  ne  parait  pas  devoir  se  relever  notablement, 
I'augmentation  recen  te  du  prix  de  I'alcool  qui  a  atteint  en  Bel- 
gique  pres  de  100%  depuis  1911  et  celle  du  combustible,  Tintro- 
duction  imminente  de  lois  sociales  de  protection  ouvriere  (sup- 
pression du  travail  de  nuit  des  femmes)  sont  autant  de  facteurs 
appeles  a  infliger  aux  benefices  de  I'industrie  de  la  soie  au  collo- 
dion une  reduction  progressive.  Aussi  a-t-on  vu  des  usines 
adopter  recemment  des  methodes  diflaciles  et  coiiteuses  de 
recuperation  des  matieres  premieres  et  il  ne  parait  pas  hasarde 
de  prevoir  que  les  fabriques  de  soie  au  collodion  s'engageront 
progressivement  dans  cette  voie. 

II  faut  placer  au  premier  rang,  quant  a  son  importance  econ- 
omique,  la  recuperation  de  I'alcool  et  de  Tether.  La  perte 
totale  de  ces  produits  represente  selon  nos  calculs  forcement 
approximatifs  plus  de  2.000  frs  par  jour  par  100  klg.  de  soie  pro- 
duite.     L'importante  usine  de  Tubize  (dont  la  production  jour- 


iPrix  de  vente  de  la  Soie;du  collodion:  en  1895,  60  frs.;  1900,  40  frs.;  1905, 
20  frs.;  1910,  16  frs.;  1912,  14  frs. 


ii]  Congress   of  Applied  Chemistry  85 

naliere  tend  vers  4.000  kgs)  pratique  notamment  cette  recupera- 
tion partielle  par  absorption  des  vapeurs  de  la  filature  a  I'aide 
d'acide  sulfurique  a  62  Be  et  redistillation  de  cet  acide  malgre 
le  grand  inconvenient  que  presente  cette  methode  d'imposer  un 
travail  incessant  et  tres  considerable  d'evaporation.  D'autres 
procedes  ont  ete  proposes  dans  le  meme  but  dont  on  ne  sait  s'il 
sont  reellement  mis  en  oeuvre  a  I'heure  presente.  (voir  Silvern: 
Die  Kiinstliche  Seide  3^  Ed.  912  Berlin  Springer  p.  125  a  158.) 
Moins  consequente  mais  d'application  plus  aisee  et  d'un  reel 
interet  economique  pent  etre  envisagee  la  recuperation  d'autres 
matieres  premieres  de  la  sole  au  collodion :  acide  nitrique,  concentre 
et  lessives  sulfurees  de  denitration.  C'est  de  la  recuperation  de 
ces  derniers  produits  que  nous  desirons  entretenir  brievement  les 
participants  de  ce  congres.  Des  necessites  momentanees  nous 
interdisent  d'exposer  ici  les  resultats  obtenus  par  nous  dans  la 
recuperation  de  I'acide  azotique  pour  laquelle  du  reste  des 
brevets  ont  ete  pris  de  diverse  parts;  nous  comptons  y  revenir 
bientot.  Bornons-nous  a  proposer  ici  les  principes  d'une  methode 
nouvelle  de  recuperation  des  sulfhydrates  alcalins  utilises  a  la 
denitration. 

Le  filament  de  sole  au  collodion  sortant  des  filieres  a  haute 
pression  est  comme  Ton  sait,  constitute  par  une  nitrocellulose 
contenant  environ  12%  d'azote.  Cette  sole  inflammable  doit 
6tre  denitree  a  Faide  de  solutions  convenablement  etendues  de 
sulfhydrates  et  de  polysulfures  alcalins  ou  alcalino-terreux ;  au 
cours  de  cette  operation  tres  delicate  et  qui  mal  executee  pent 
compromettre  la  qualite  du  produit,  une  partie  du  soufre  s'^chap- 
pe  sous  forme  d'H2S,  une  autre  se  depose  a  I'etat  libre  dans  le 
bain  epuise,  une  troisieme  enfin  subsiste  a  I'etat  de  polysulfure 
et  de  sulfhydrate  non  decomposes.  L'azote  nitrique  pour  sa 
part,  passe  k  I'etat  de  nitrite  alcalin,  d'ammoniaque  et  en  faible 
quantite  a  I'etat  d'azote  libre. 

Les  usiniers  avaient  done  a  faire  face  au  difficile  probleme  d'eva- 
cuer  des  eaux  r^siduaires  encore  notablement  chargees  de  sulf- 
hydrates et  de  polysulfures  alcalins,  produits  facilement  d^cel- 
ables  et  hautement  prejudiciables  au  regime  des  cours  d'eaux; 
lis  I'ont  resolu  notamment  en  faisant  reagir  dans  des  bassins 
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speciaux^  les  eaux  sulfureuses  alcalines  avec  les  eaux  acides 
(xH2S04^y  H.NO'4-2  H2  O)  proveant  du  lavage  des  nitrocellu- 
loses.  Une  neutralisation  intervient  qui  s'accompagne  d'un 
d^gagement  intense  de  vapeurs  nitreuses  et  d'une  precipitation 
abondante  de  soufre  pulverulent.^  La  reparation  de  celui-ci 
est  favorisee  par  I'addition  de  sel  d'alumine  et  la  precipitation 
de  I'alumine  qui  enrobde  les  particules  de  soufre;  pass6  au  filtre 
presse  le  sediment  pent  etre  s6ch6  et  vendu.  Le  prix  qu'on  en 
obtient  ent  a  vrai  dire  fort  bas. 

Notre  attention  ayant  et6  appel^e  par  M.  Denis,  Directeur 
de  la  Fabrique  de  sole  d'Obourg,  sur  I'avantage  qu'il  y  aurait 
pour  une  usine  de  sole  a  retransformer  ce  soufre  en  sulfhydrate 
alcalin  directement  utilisable  par  I'usine;  nous  sommes  par 
venus  k  resoudre  le  probleme  de  la  maniere  suivante.^  La  com- 
binaison  directe  du  soufre  et  de  I'hyrdogene  fut  etudiee  d'abord 
par  divers  auteurs  au  point  de  vue  qualitatif  (Scheele,  Davy, 
Correnwinder,  Cossa,  etc.)  puis  quantitativement  au  point  de 
vue  physicochimique  par  Hautefeuille  (CR  LXIV  p  611)  P^la- 
bou  (C  R  1897  p.  35  et  686) ;  Bodenstein  (z  f .  physich  Ch.  29  p. 
314-333  1899)  et  Konowalow  (Ch.  Centrablatt  (p.  657-1898 
Bd  II). 

Les  recherches  de  ces  auteurs  consistent  k  mettre  en  presence 
en  vase  clos  du  soufre  et  de  I'hydrogene  et  a  mesurer  I'^tat 
d'^quilibre  et  les  vitesses  de  la  reaction.  lis  ne  sont  pas  d'ac- 
cord  sur  le  point  de  savoir  si  la  reaction  est  susceptible  d'acheve- 
ment  complet;  en  revanche  tous  ont  constats  que  la  vitesse 
reactionnelle  croit  rapidement,  comme  d'usage  avec  la  tem- 
perature. 

Aucun  ne  parait  s'etre  preoccupe  d'etudier  la  reaction  pra- 
tiquement  et  de  rechercher  s'il  est  possible  de  preparer  des  quan- 
tites  notables  d'hydrogene  sulfur^  par  I'union  directe  de  Thydro- 
gene  et  du  soufre.  La  depense  theorique  d'hydrogene  ^tant 
d'environ  0.7m'  par  kilog.  de  soufre,  la  recherche  parait  a  pre- 


^Voir  D.R.P.  234672  cl.  85  c  de  la  soci6te  anonyme  fabrique  de  soie  artificielle 
de  Tubize  (1911)  d'apres  Silvern :  loco  citato  p.  158.  Voir  aussi  le  brevet 
Beige  anterieur  de  Leroy  du  3  avril  1909. 

*D'oii  la  possibility  d'une  recuperation  nitrique  sur  ces  bassins. 

'Voir  Oct.  Dony-H6nault  Brevet  Beige  n°  17966  Sept.  1911. 
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miere  vue  devoir  etre  ecartee,  etant  donne  surtout  le  prix  elev6 
de  I'hydrogene  qui  ne  peut  etre  ramene  aujourd'hui  en  France 
ou  en  Belgique  a  moins  de  0.25—0.30  fr  par  m3. 

Cependant  I'avantage  dominant  de  pouvoir  eviter  par  Tem- 
ploi  d'un  reactif  gazeux,  tout  transport  et  toute  manutention 
de  reactifs  liquides,  et  surtout  le  desir  d'arriver  a  un  proce  de 
excluant  tout  production  d'eau  residuaire  nous  ont  fait  rechercher 
s'il  ne  serait  par  possible  d'arriver  au  meme  resultat;  en  substi- 
tuant  a  I'hydrogene  par  un  melange  gazeux  riche  en  hydrogene 
et  de  prix  de  revient  minime  tel  que  le  gaz  a  I'eau  par  exemple. 
Une  experience  deja  ancienne  de  Taylor^  montrant  que  le  pas- 
sage d'un  courant  de  gaz  d'eclairage  dans  une  cornue  contenant 
du  soufre  bouillant  produit  une  forte  quantite  d'hydrogene  mel6 
de  sulfre  de  carbone,  etait  bien  faite  pour  confirmer  notre 
esp^rance  car  comme  le  dit  Taylor  c'est  I'hydrogene  libre  du 
gaz  qui  agit  dans  ce  cas  et  il  peut  etre  absorbe  presque  entiere- 
ment  "nearly  the  whole." 

En  fait  apres  avoir  constate  que  dans  des  tubes  de  deux  metres, 
chaufTes  moderement,  un  courant  d'hydrogene  passant  sur  du 
soufres  peut  reagir  si  completement  avec  ce  dernier  que  I'absorption 
du  gaz  sortant  par  une  solution  de  sonde  peut  etre  totale  (HiS 
-hNa  OH — Na  SH  ou  H2S^2Na  OH — Na  2S,)  nous  avons  verifie 
la  possihilite  de  subsiituer  le  gaz  a  Veau  (50%  H-r-:50%  CO 
environ)  a  Vhydrogene  pour  la  production  de  I'hydrogene  sulfure 
au  contact  du  soufre. 

Le  resultat  peut  etre  modifie  en  agissant  sur  la  temperature; 
si  celle-ci  est  maintenue  au  voisinage  de  300-350°,  la  formation 
concomitante  du  sulfure  de  carbone  est  pratiquement  nulle.  Si 
au  contraire  on  eleve  la  temperature  vers  le  rouge  sombre,  il  se 
forme  en  meme  temps  que  rH2  S  une  certaine  quantite  de  sulfure 
de  carbone  et'd'oxysulfure  de  carbone;  si  les  gaz  sont  conduits 
au  sortir  de  I'appareil  dans  des  solutions  de  sonde  ou  de  sulfure 
sodique,  le  sulfure  de  carbone  et  I'hydrogene  sulfure  sont  ab- 
sorbes  simultanement;  dans  la  solution  absorbante  apparaissent 
successivement  du  sulfure,  su  sulfhydrate,  des  sulfocarbonates 
et  des  polysulfures  alcalins;  quant  a  I'oxysulfure  de  carbone,  il 


'Chemical  News.  Vol  XLVII  p.  145  1871. 
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s'^chappe  avec  les  produits  gazeux  non  utilises  dans  la  reaction; 
oxyde  de  carbone,  et  hydrogene  residual;  ceux-ci  forment  un 
melange  combustible  dont  la  chaleur  peut  etre  utilisee  pour  le 
sechage  prealable  du  soufre  qui  ne  peut  etre  introduit  a  I'etat 
humide  dans  le  generateur  a  hydrogene  sulfure. 

Deus  modes  de  travail  differents  sont  done  possibles  dans 
I'application  de  la  methode,  I'un  produisant  a  temperature  plus 
basse  de  I'hydrogene  sulfure,  pur,  I'autre  notablement  plus 
rapide  a  cause  de  I'elevation  de  tempeture  et  de  I'acceleration 
reactionelle  concomitante  et  fournissant  de  Thydrogene  sulfure 
legerement  charge  de  sulfure  de  carbone. 

Les  qualites  requises  d'une  lessive  de  denitration  donnent  un 
interet  reel  au  second  mode  reactionnel.  Le  sulfure  de  carbone 
engendre  en  effet  au  contact  des  solutions  absorbantes  de  sulfures 
alcalins  du  sulfocarbonate  alcalin  qui  est  un  excellent  agent  de 
denitration  dont  le  prix  eleve  limite  seul  I'emploi.^  Les  liqueurs 
employees  aujourd'hui  pour  la  denitration  ont  d'ailleurs  une  com- 
position complexe;  elles  doivent  etre  tres  riches  en  sulf hydrate, 
pauvres  en  sulfure  et  contenir  une  certaine  quantite  de  poly- 
sulfures;  la  presence  dans  le  liquide  de  deux  ou  troispour  cent  de 
sulfocarbonate  ne  saurait  qu'accentuer  sa  valeur  denitrante. 

II  nous  est  interdit  d'exposer  en  ce  moment  la  structure  de  nos 
appareils  et  les  details  d'application  de  cette  methode,  il  serait  au 
demeurant  inopportun  d'allonger  cette  communication  dont  le 
but  principal  est  de  signaler  un  principe  nouveau  susceptible  de 
rendre  service  a  I'industrie  de  la  sole  au  collodion.  On  peut 
en  resume  se  servir  de  Vhydrogene  contenu  dans  le  gazd  Veau 
(50%-53%)  jyour  regenerer  le  soufre  solide  depose  dans  les  bassins 
d'eaux  residuaires  des  soieries,  apres  sechage  prealable  de  ce 
soufre.  A  une  temperature  superieure  a  300°,  le  soufre  et  I'hydro- 
gene se  combinent  activement,  et  les  autres  constituants  du  melange 
gazeux  ne  reagissent  sensiblement  avec  le  soufre  que  si  on  atteint 
une  temperature  voisine  du  rouge  sombre.  Le  barbotage  du 
courant  gazeux  a  travers  une  solution  constamment  saturee  de  sul- 
fure alcalin  ou  alcalino  terreux  fournit  economiquement  une  liqueur 
saturee  d'  H2  S  riche  en  sulfhydrate,  et  pouvant  contenir  outre  une 


iVoir  Piest  Die  Zellulose.    Stuttgart  chg  Euke  1910,  p.  36. 
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certaine  quantite  de  polysulfures,  une  faible  quantity  de  sulfo- 
carbonate  soluble. 

Une  telle  liqueur  peut  etre  appropriee  aux  besoins  de  la  deni- 
tration  de  la  sole. 

La  methode  permet  done,  sans  aucre  production  d'eau  residu- 
aire  genante,  de  substituer  a  I'achat  des  lessives  de  sulfhydrate 
dont  la  richesse  totale  en  soufre  ne  depasse  pas  20%  celui  des 
sulfures  solides  et  de  preparer  a  I'usine  meme,  le  sulfhydrate 
a  I'aide  du  soufre  residuaire  des  operations  anterieures. 


UEBER    DIE    FRAKTIONIERTE      ADSORPTION    VON 
RADIUM-BARYUM-SALZEN  UND  UBER  DIE  FRAK- 
TIONIERTE ELEKTRODIALYSE    DER  ERHAL- 
TENEN    ADSORPTIONSVERBINDUNGEN 

Von  E.  Ebler 
Heidelberg 

Es  wurde  friiher^  gezeigt,  dass  man  mit  bestimmten  kolloiden 
Gelen  die  sich  in  einem  bestimmten  Grade  des  Wassergehaltes 
(Quellung)  befinden,  radioaktive  Stoffe  durch  Adsorption  anreich- 
ern  kann,  derart,  dass  nach  erfolgter  Adsorption  die  relative 
Koncentration  der  radioaktiven  Substanz  in  der  Adsorptionsver- 
bindung  wesentlich  hoher  ist,  als  in  dem  unadsorbiert  geliebenen 
Substanzgemisch.  Es  liess  sich  insbesondere  zeigen,  dass  Kiesel- 
saurehydrogele  von  der  ungefahren  Zusammensetzung  4  Si02 
3  H2O  ( — die  also  vollig  staubtrockene  Pulver  darstellen,  denn  die 
Kieselsaurehydrogele  sind  schon  unterhalb  eines  Wassergehaltes 
von  6  Mol.  H2O  auf  1  Mol.  Si02  staubtrockene  Pulver — )2 
die  radioaktiven  Substanzen:  Radium;  Radioblei  (Radium  D, 
Radium  E  und  Radium  F) ;  Niton  (Radiumemanation) ;  Uran  X 
besonders  stark  selektiv  adsorbieren,  sodass  die  kleinen  Mengen 
der  genannten  radioaktiven  Substanzen,  die  der  Natur  der  Sache 
nach  ^ewohnlich  mit  einem  vieltausendfachen  Ueberschusse 
anderer  Substanzen  gemischt  gegeben  sind,  durch  wiederholte 
Adsorption  sich  fast  quantitativ  abscheiden  und  durch  fraktion- 
ierte  Anwendung  des  Verfahrens  von  den  inaktiven  Substanzen 
auch  fast  quantitativ  trennen  lassen.  Die  notwendige  Trennung 
des  adsorbierenden  Kolloides  von  der  adsorbierten  radioaktiven 
Substanz  erfolgte  bei  Verwendung  von  Kieselsawre  im  Falle  des 
Radiums,  Radiobleies  und  des  Uran  X  in  einfacher  Weise  vermoge 


>E.  Ebler  u.  M.  Fellner.  Ber.  d.  Deutsch.  Chem.  Ges.  44.  (1911).  2332-2338 
Zeitschrft  f.  anorgan.  Chemie.  73.  (1911).  1-30.  E.Ebler.  D.  R.  P.  Nr.  243736- 
V.  7.  III.  1911.— Zusatz.  E.  17493.  VIII.  21  g.v.  21.  11.  1911. 

^J.  van  Bemmelen.    Zeitschrft  f.  anorgan.  Chemie.  13.  (1897).  243. 
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der  Verfliichtigbarkeit  der  Kieselsaure  durch  Flusssaure  als  Flu- 
orid,  wobei  die  radioaktiven  Substanzen  in  Form  viel  schwerer 
fliichtiger  Salze  zuriichkblieben. 

Bei  der  Priifung  anderer  Kolloide  zeigte  sich,  dass  nicht  alle 
Kolloide  in  gleicher  Weise  ein  selektives  Adsorptionsvermogen 
fiir  Radiumsalze  besitzen  und  dass  die  Adsorption  auch  von  der 
Natur  des  betr.  Radiumsalzes  abhangt.  So  adsorbieren  z. 
B.  20%  iges  Gelatine-Gel.  Acetylcellulose,  frisch  gefalltes 
Ferrihydroxyd  nicht  in  so  ausgesprochen  selektiver  Weise  die 
Radiumsalze  aus  Radium-Baryumchlorid-Losungen,  wie  z.  B. 
die  Kieselsaure.  Dagegen  zeigte  Mangansuperoxydhydrat  ein 
ganz  ausgeprochenes  Adsorptionsvermogen  f lir  fast  alle  Radium- 
salze. Basisches  Ferricarbonat  zeigte  ebenfalls  ein  sehr  starkes 
Adsorptionsvermogen  fiir  Radiumcarbonat,sodass  bei  der  Behand- 
lung  von  Radiumsalzen,  die  einen  liberschuss  von  Ferrisalzen 
enthielten,  mit  Sodalosung  alles  Radium  vom  Eisen-Niederschlag 
zuriickgehalten  wurde.^  Wahrend  die  friiher  angegebene 
Methode  zur  Befreiung  des  adsorbierten  Radiums  vom  adsorbier- 
enden  Kolloid  nach  erfolgter  Adsorption  aus  der  Adsorptionsver- 
bindung  flurch  Verfliichtigung  des  Kolloides  unter  Zuriicklas- 
sung  der  radioaktiven  Salze  naturgemass  nur  auf  solche  Adsorp- 
tions verbindungen  angewendet  werden  konnte,  die  ihrer  chemis- 
chen  Natur  nach  zu  verfliichtigen  sind  und  bei  dieser  zweiten 
Phase  des  Processes  weiter  keine  Anreicherung  des  Radiums 
moglich  war,  kann  man  solche  Trennungen  des  kolloiden,  vom 
adsorbierten  nicht  kolloiden  Bestandteil,  die  auf  der  allgemeinen 
Eigenschaft  der  Kolloide  beruhen,  bei  der  Dialyse  nicht  durch 
gewisse  Membranen  zu  gehen  ganz  allgemein  auf  alle  kolloiden 
Adsorptionsverbindungen,  deren  einer  Bestandteil  ein  Elektrolyt 
ist,  anwenden  und  hat  dabei  noch  den  Vorteil,  neben  der  fast 
beliebigen  Auswahl  der  Kolloide  auch  die  dialytische  Trennung 
der  radioaktiven  Adsorptionsverbindung  zu  einer  fraktionierten 
Dialyse  gestalten  zu  konnen;  denn  fast  stets  durchdringen  die 
adsorbierten  Radiumsalze  zu  Beginn,  bezw.  Ende  der  Dialyse 
die  Dialysiermembran  in  anderer  relativer  Koncentration  als  die 

lEine  regelrechte  "  Fallung  "  des  RaCOa  lag  nicht  vor,  denn  die  Radium- 
Losung  war  so  stark  verdiinnt,  dass  das  Loslichkeitsprodukt  des  RaCOs  nicht 
erreicht  werden  konnte. 
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gleichzeitig  in  der  Adsorptionsverbindung  etwa  enthaltenen 
Baryumsalze. 

So  lasst  sich  z.  B.  die  oben  erwahnte  Adsorptionsverbindung 
von  basischem  Ferricarbonat  mit  Radiumcarbonat  durch  Kochen 
mit  der  berechneten  Menge  verdiinnter  Salzsaure  in  Radium- 
chlorid  und  das  kolloidale  Sol  das  etwa  der  Zusammensetzung  Fe 
(0H)2C1  entspricht  spalten.  Diese  zwei  Substanzen  lassen  sich 
alsdann  durch  Dialyse  in  bekannter  Weise  vollstandig  trennen. 
Rascher  und  besser  in  Fraktionen,  teilen  lasst  sich  die  Dialyse 
wenn  man  sie  durch  Elektrolyse  unterstiitzt,  also  z.  B,  das  in  den 
Kathodenraum  dialysierende  Erdalkalis  Kationan  Quecksil- 
berkathoden  entladt,  oder  fiir  seine  Entfernung  dadurch  Sorge 
tragt,  dass  man  die  Kathode  mit  einem  Strom  verdiinnter  Salz- 
saure stetig  umspiilt.^  Durch  gelegentlich  rasch  auszuftihrende 
Messungen  der  oc-Strahlung  eingedampf ter  Proben  der  Kathoden- 
fliissigkeit  und  geeignetes  Wecheseln  der  die  Kathodenfliissig- 
keit  aufnehmenden  Gefasse,  gelingt  es  leicht,  die  Elektrodialyse 
in  geeignete  Fraktionen  einzuteilen. 

Es  hat  sich  weiter  gezeigt,  dass  z.  B.  im  Falle  der  Mangandi- 
oxyd-Radium-Baryum-Adsorptionsverbindung  und  der  Kiesel- 
saure-gel-Radium-Baryum- Adsorptionsverbindung  es  nicht  not- 
wendig  ist,  zwecks  Ausf  iihrung  der  Dialyse  das  Kolloid  in  den  Sol- 
Zustand  uberzufiihren;  man  kann  mitdemselben  Erfolge  in  der 
beschriebenen  Weise  auch  die  im  Gel-Zustande  befindliche 
Adsorptionsverbindung  der  Dialyse  bezw.  Elektrodialyse  unter- 
werfen.  In  manchen  Fallen  wirkt  dabie  das  elektrokataphoret- 
ische  Verhalten  der  Gele  im  Sinne  der  gewiinscten  Trennung  und 
befordert  dieselbe.  So  wandert  z.  B.  die  Kieselsaure  nach  der 
Anode,  wahrend  das  Radium  sich  zur  Kathode  begiebt.  Aber 
selbst  wenn  die  Kolloide,  wie  z.  B.  das  Ferrihydroxyd  das  ent- 
gegengesetzte  kataphorische  Verhalten  zeigen,  also  ebenfalls  zur 
Kathode  wandern,  so  lasst  sich  wie  B.  Schwerin^  gezeigt  hat,  durch 
Auswahl  geeigneter  Diaphragmen  die  Trennung  durch  Kom- 
binierung  von  katapho  retischer  Wanderung  von  Kolloidteilchen 
und  Membranwirkung  bewerkstelligen. 


'E.  Ebler.    Russische  Patentanmeldung  v.  23.    Mai  5.  Juni  1912  Nr.  53088. 
2D.  R.  P.  Nr.  181841.    Nr.  233281.    Nr.  239649.    Nr.  241177. 


A  PLAN  FOR  ORGANIZED  RESEARCH  AND  ANALYT- 
ICAL   CHEMISTRY    IN    SUCCESSFUL    CHEMICAL 
MANUFACTURING 

By  William  C.  Ferguson 

Laurel  Hill,  N.  Y. 

Introductory 

The  constant  growth  in  efficiency  in  Manufacturing  Chem- 
istry is  largely  the  result  of  organization  that  insures  the  orderly 
use  of  every  varied  talent  required;  and  occupying  a  very  impor- 
tant place  in  such  organization  is  the  fullest  use  of  a  research  staff 
and  of  analytical  chemistry. 

When  it  is  reahzed  that  these  departments  should  investigate 
all  new  processes,  constantly  improve  existing  ones,  correct  and 
explain  irregularities  of  current  operations,  invent  new  processes; 
that  they  should  determine  the  valuation  and  exact  composition 
of  all  raw  materials  and  finished  products,  the  fixing  of  yields, 
the  necessary  control  of  different  stages  of  many  processes,  etc., 
etc.,  it  becomes  clear  that  if  these  constructive  forces  are  to  be 
used  to  the  fullest  it  must  be  through  the  creation  of  an  organ- 
ization that  will  automatically  cause  every  department  in  the 
organization  to  cooperate  with  the  Research  and  Analytical 
branches. 

The  methods  to  be  described  for  accomplishing  this  are  the 
result  of  the  writer's  experience  for  many  years  in  charge  of  the 
research  work  of  one  of  the  largest  chemical  works  in  America, 
with  many  plants  in  different  localities,  and  also  in  charge  of  the 
research  work  of  the  largest  electrolytic  copper  refinery  in 
America.  ^ 

Research  Department 

This  department  should  investigate  irregularities  in  current 
manufacturing;  seek  constantly  to  improve  existing  methods, 
and  carefully  consider  new  methods  of  promise  as  they  arise. 
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Its  duties  should  comprise:  Investigating  cheaper  raw  materi- 
als, new  uses  for  products  manufactured,  new  products,  increased 
yields,  greater  purity  of  products  manufactured,  utilization  of 
wastes,  more  efficient  structural  material,  apparatus,  etc.,  etc. 

Great  care  should  be  exercised  in  the  selection  of  the  research 
staff  which  should  embody  all  the  varied  talent  and  knowledge 
required  in  a  wide  field,  and  it  is  imperative  here  that  only  the 
very  fit  be  retained  as  the  achievements  of  this  department  will 
largely  depend  upon  two  factors — a  highly  efficient  staff;  and  an 
organization  that  will,  from  every  other  department  of  the  corpo- 
ration, invite  an  automatic  presentation  of  all  questions  requiring 
investigation. 

The  collective  talent  of  this  department  should  embrace 
thorough  scientific  education,  especially  in  the  principles  of 
physics  and  chemistry;  the  power  to  imagine  new  processes,  or 
causes  of  various  irregularities  of  current  manufacturing,  com- 
bined with  the  ability  to  submit  such  ideas  to  the  test  of  experi- 
mental proof;  the  habit  of  accurate  observation  and  the  skill  to 
deduce  from  such  observation  the  correct  conclusion;  and  the 
quality  of  seeing  right  through  all  the  unessentials  to  the  one 
vital  thing  that  counts.  All  of  these  quaUties,  diligently  applied, 
together  with  a  knowledge  of  manufacturing  that  will  make  all 
conform  to  practical  conditions,  are  essential. 

The  department  should  have  a  manager  with  office  organiza- 
tion and  a  properly  equipped  research  laboratory  with  furnaces, 
filter  presses,  etc.,  where  work  can  be  carried  on  from  a  test  tube 
scale  to  manufacturing  in  a  large  enough  way  to  test  practical 
difficulties  and  costs.  There  should  be  a  Research  Committee 
composed  of  the  ablest  technical  minds  of  the  organization, 
meeting  regularly  to  consider  and  advise  upon  all  important 
investigations. 

Many  questions  presented  to  this  department  would  be  settled 
in  debate  negatively,  but  if  experimental  work  be  decided  upon 
then,  if  the  subject  is  new,  the  journal  and  patent  literature  bear- 
ing upon  it  should  be  abstracted  and  experiments  usually  begun 
upon  a  very  small  scale,  increasing  in  size  as  warranted. 

Each  investigation  should  be  made  by  a  man  selected  on 
account  of  particular  fitness  and  this  man  made  responsible,  but 
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he  should  consult  right  along  with  other  members  of  the  staff 
whose  knowledge  or  skill  would  be  helpful,  and  progress  made 
and  difficulties  encountered  should  be  presented  to  the  Research 
Committee  at  its  regular  meetings  so  that  it  could  advise  when 
necessary.  At  the  conclusion  of  each  investigation  a  detailed 
report  should  be  made  to  the  department:  Exact  estimate  of 
cost  should  be  made  of  each  investigation  in  order  to  know  the 
profit  or  loss  in  each  particular  case  and  also  to  estimate  the 
value  of  the  department  as  a  whole. 

The  organization  of  this  department  should  include : 

(1)  Systematic  abstracting  from  the  principal  foreign  and 

American  journals  and  patents  of  all  subjects  of  interest 
to  the  corporation;  copies  of  these  abstracts  should  go 
weekly  to  all  who  can  use  them,  with  instructions  to 
study  them  carefully  and  to  immediately  advise  the 
department  of  any  subjects  that  seem  to  warrant  inves- 
tigation. 

(2)  Thorough  abstracting  from  the  Uterature  in  the  case  of 

new  work  undertaken,  thus  becoming  famifiar  with  all 
that  has  been  published  relating  to  the  subject.  Repe- 
tition of  the  work  of  others  is  thus  saved,  valuable  sug- 
gestions received,  and  general  knowledge  of  the  subject 
enlarged. 

(3)  Systematic     information     should     be     constantly     and 

promptly  obtained  of  all  records  of  imports  and  export 
and  duties  on  all  finished  products  and  raw  materials 
that  would  interest  the  corporation  in  connection  with 
its  current  business  or  as  suggesting  new  articles  of 
manufacture. 

(4)  Pamphlets    describing    machinery,    structural    material, 

etc.,  are  many  years  in  advance  of  books  upon  identical 

subjects.    A  pamphlet  library  should  be  maintained  in 

cooperation  with  the  engineering  department. 

All  of  the  above  work  of  translating,  abstracting,  etc.,  should 

be  in  charge  of  one  competent  man,  with  assistants  if  necessary. 

(5)  The  superintendents  should  make  monthly  reports  for 

the  Research  department  embodying  all  ideas  of  their 
own  or  their  assistants  that  might  in  any  way  warrant 
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investigation.  There  is  no  doubt  that  valuable  sugges- 
tions would  be  made  through  such  a  system  thoroughly 
carried  out  that  might  otherwise  be  lost,  and  also  that 
the  plan  would  stimulate  closer  thought  and  observa- 
tion concerning  all  the  details  in  manufacturing. 

(6)  Members  of  the  Research  staff  should  visit  all  possible 

outside  manufacturing  plants  with  the  object  of  acquir- 
ing knowledge  that  could  be  applied  by  the  corporation 
to  its  own  processes  or  organization. 

(7)  There  should  be,  through  proper  connections,  systematic 

prompt  advices  of  all  improvements  in  European  prac- 
tice that  would  be  of  value  to  the  corporation. 

(8)  Salesmen  should  seek  to  understand  the  different  proces- 

ses and  the  various  ways  in  which  the  company's  prod- 
ucts are  used  and  also  know  what  substitutes  are  used 
for  the  Company's  products  and  such  information  should 
be  reported  to  the  Research  Department  by  the  Sales 
Department  as  deemed  necessary. 

(9)  Certain  research  work  might  be  undertaken  by  candi- 

dates for  the  degree  of  Ph.D.  in  universities,  thus  mak- 
ing these  institutions  of  learning  take  a  cooperative  part 
in  developing  practical  questions  being  considered  by 
manufacturers.  This  can  be  done  and  the  work  be  as 
strictly  scientific  as  in  the  case  of  pure  research  and  will 
also  place  certain  students  in  contact  with  possible 
future  employers. 

Analytical  Department 

The  Analytical  Department,  under  the  Chief  Analytical 
Chemist,  should  control  all  work  relating  to  sampling  and  analy- 
sis. So  much  depends  upon  prompt  and  accurate  analyses  that 
this  department  should  occupy  a  high  place  in  a  rational  organi- 
zation.   Its  duties  should  comprise: 

The  analysis  and  sampling  of  all  raw  materials  and  finished 
products  as  well  as  such  analyses  as  are  necessary  in  the 
intermediate  steps  of  some  processes  in  order  to  insure 
proper  control.     It  should  furnish  figures  used  to  calculate 
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yields  and  perform  all  the  analytical  work  in  connection 
with  investigations,  which  often  involves  the  necessity  of 
inventing  new  methods.     It  should  do  all  analytical  work 
that  will  aid  the   Manufacturing,   Sales,   Purchasing,   and 
Construction  Departments,  and  cooperate  with  the  Sales 
Department  in  investigating  complaints.    It  should  also  pay 
strict  attention  to  investigating  and  adopting  better  methods. 
If  a  corporation  has  more  than  one  laboratory,  uniform  meth- 
ods of  sampling  and  analysis  should  be  used  throughout.     The 
selection  of  standard  methods  and  the  very  complete  written 
description  of  each  should  be  under  the  immediate  supervision 
of  the  Chief  Analytical   Chemist.     Their  accuracy  should  be 
proved  always  by  analysing  mixtures  of  known  composition. 
The  various  precautions  to  be  observed  should  be  specifically 
and  prominently  outlined  at  the  end  of  each  scheme,  together 
with  the  experimental  data  and  all  equations  involved  proving 
its  accuracy. 

These  methods  should  be  issued  to  the  different  laboratories 
and  all  chemists  of  the  company  required  to  strictly  adhere  to 
them,  otherwise  uniform  methods  with  all  their  advantages, 
would  be  impossible. 

The  staff  of  the  head  laboratory  should  be  organized  into  an 
analytical  council  holding  weekly  meetings,  discussing  at  alter- 
nate meetings  the  company's  standard  methods  of  analysis  and 
abstracts  of  promising  analytical  methods  from  the  current  chem- 
ical literature.  These  abstracts  should  be  incorporated  in  the 
minutes  of  the  meetings,  copies  of  which  go  to  each  of  the  labora- 
tories of  the  company.  This  sytem  would  automatically  inform 
the  company's  chemists  of  the  latest  developments  in  analytical 
chemistr}'.  All  the  important  chemical  journals  should  be 
promptly  and  systematically  abstracted.  These  condensed  ab- 
stracts should  be  typewritten  on  cards  and  filed  under  subject 
indices.  They  would  prove  of  great  value  in  investigating  meth- 
ods of  analysis.  All  investigation  work  along  analytical  lines 
should  be  carefully  written  up,  whether  results  are  favorable  or 
otherwise,  and  these  reports  sent  to  other  laboratories  of  the 
company  when  desired.  Any  new  methods  suggested  through  the 
iterature  or  by  any  of  the  chemists  of  the  company  should  be 
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tried  and  where  an  improvement  is  found,  incorporated  in  the 
standard  methods. 

The  pohcy  of  the  analytical  department  should  be  to  give  its 
members  a  broad  acquaintance  with  all  the  work  of  the  depart- 
ment by  having  a  system  of  rotation,  regularly  changing  the 
work  of  each  so  that,  as  far  as  possible,  every  man  could  take  part 
in  the  great  variety  of  determinations  made.  This  would  have 
the  further  advantage  of  protecting  the  company  from  any  con- 
stant error  into  which  one  man  may  fall ;  and  as  an  added  protec- 
tion, all  the  work  should  be  systematically  and  independently 
checked  by  more  exact  or  by  different  methods  than  those  in 
daily  use.  Each  man  should  be  held  strictly  responsible  for  the 
work  entrusted  to  him,  his  advancement  depending  upon  him- 
self, and  he  should  be  encouraged  to  become  thoroughly  familiar, 
through  study  and  inquiry,  with  the  theory  and  reasons  involved. 

As  far  as  possible  foremen  and  assistant  foremen  should  make 
simple  factory  analyses  and  tests  involving  control  of  processes 
under  them.  Often  a  test  can  be  made  in  less  time  than  it  takes 
to  send  the  sample  to  the  laboratory;  of  course  such  work  should 
be  systematically  checked  by  the  laboratory. 

In  order  to  estimate  each  man's  capacity  and  to  charge  up  the 
analytical  work  properly,  the  following  system  should  be  used: 
An  analytical  order  should  be  made  for  each  sample  which  comes 
to  the  laboratory  and  on  the  back  of  this  order  is  recorded  the 
amount  of  time  spent  by  each  chemist  in  making  the  analysis. 
When  completed  these  orders  should  be  filed  under  the  various 
departments  for  which  the  work  is  done,  and  from  them  calcu- 
lated a  monthly  statement  of  analytical  charges,  the  material 
used  being  based  upon  the  cost  for  the  previous  year.  This  sys- 
tem would  make  it  a  simple  matter  to  note  the  progress  of  the 
analysis  and  the  amount  of  work  carried  on  by  the  different 
analysts. 

The  laboratories  of  the  separate  works  should  be  strictly  sub- 
ordinate to  the  superintendents,  except  that  all  standard  methods 
of  sampling  and  analysis  be  standard  methods  of  the  company 
and  superintendents  and  chemists  should  cooperate  for  their 
strict  enforcement. 
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Salaries  of  chemists  in  this  department  should  be  standardized 
as  far  as  possible,  and  promotions  made  to  the  following  positions 
according  to  kind  of  talent:  Works  Chemist,  Assistant  Superin- 
tendent, Research  Department  as  Research  Chemist,  the  Head 
Laboratory  as  Chief  or  First  Assistant.  All  men  engaged  should 
be  informed  of  this  system,  hired  on  a  month's  trial,  and  only 
really  promising  men  retained. 

The  following  methods  of  advancing  the  efficiency  of  the 
department  should  be  employed. 

(1)  Systematic  visits  to  the  different  laboratories  of  the  com- 

pany by  the  Chief  Analytical  Chemist  in  order  to  see 
that  the  standard  methods  are  being  properly  used  and 
to  pass  on  the  general  efficiency  of  all  the  company's 
laboratories. 

(2)  Occasional  visits  by  the  Chief  Analytical   Chemist  to 

laboratories  of  other  industries,  in  order  to  incorporate 
in  the  organization  favorable  developments  made  by 
others. 

(3)  Periodical  meetings  of  the  analytical  chemists  to  promote 

cordial  cooperation  and  to  discuss  specific  subjects. 

(4)  The  automatic  exchange  of  chemists  between  the  differ- 

ent laboratories  to  broaden  the  experience  of  the  com- 
pany's chemists. 

(5)  Monthly  reports  should  be  made  by  each  laboratory  of 

the  company  to  the  Chief  Analytical  Chemist,  explain- 
ing all  difficulties  encountered  in  general  work  and  also 
making  suggestions  for  improvements  in  existing  meth- 
ods. This  plan  would  make  it  possible  for  all  the  com- 
pany's chemists  to  constantly  and  systematically  coop- 
erate and  increase  efficiency. 

The  organization  of  each  of  the  laboratories  of  the  company 
should  conform  to  that  of  the  head  laboratory. 

All  laboratory  buildings  should  be  roomy,  Ught,  well  ventilated, 
and  equipped  with  all  facilities  required  for  accurate  work.  The 
efficiency  and  future  of  men  is  seriously  impaired  by  unhealth- 
ful,  discouraging  surroundings. 
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The  Head  Laboratory  and  Office  should  have  an  extensive 
library  and  subscribe  to  all  important  periodicals.  All  works 
laboratories  should  at  least  have  standard  works  of  reference. 

It  would  be  important  to  have  the  Research  and  Head  Ana- 
lytical Laboratories  in  the  same  building,  with  the  economy  of 
having  a  library  in  common,  and  cooperation  in  many  ways. 
This  building  should  be  located  in  one  of  the  large  works  of  the 
corporation,  thus  making  available  its  mechanics  for  the  various 
construction  and  repair  work  always  necessary,  together  with  the 
advantage  of  advice  upon  many  practical  matters  from  the 
works  superintendents;  there  would  result  also  the  greater  facility 
for  consultation  amongst  members  of  the  chemical  staff. 

The  accuracy  of  balances  and  weights,  of  measuring  appar- 
atus, thermometers  and  hydrometers,  should  not  be  taken  for 
granted  but  proved  to  be  accurate  by  comparison  with  standards 
of  known  accuracy  as  often  as  required.  All  standard  solutions 
should  be  checked  by  the  head  of  the  laboratory  or  his  first 
assistant.  All  important  determinations  should  be  made  in  dupli- 
cate. 

All  clerical  work  and  calculations  should  be  checked. 

Systems  of  weighing,  manipulation,  etc.,  devised  to  prevent^ 
errors,  should  be  employed  and  rigidly  adhered  to,  even  in  th< 
simplest  determinations. 

Conclusion 

The  forms  of  organization  described  above  should  never  b< 
allowed  to  fall  into  the  rut  of  dull  routine,  but  the  personnel  of 
the  men  engaged  in  this  work  maintained  at  the  very  highest 
standard,  and  all  the  necessary  plans  as  described  carried  out 
with  enthusiasm,  earnestness,  and  thoroughness.  The  personal 
cooperation  of  the  men  of  this  department  with  members  of  other 
branches  of  the  organization  would  prove  an  important  aid  in 
maintaining  interest  in  the  work,  and  be  mutually  educating. 

These  departments  should  lead  the  way  so  strikingly  as  to  be 
apparent  to  all;  if  mediocrity  were  tolerated,  then  this  branch  of 
the  organization  would  be  indeed  far  from  the  ideal  that  should 
be  its  governing  spirit. 


(Abstract) 

THE  ACTION  OF  POTASSIUM  AMIDE  ON  THALLIUM 
NITRATE  IN  LIQUID  AMMONIA  SOLUTIONS 

By  Edward  Curtis  Franklin 

Hygienic  Laboratory,  Public   Health  and  Marine   Hospital  Ser- 
vice, Washington,  D.  C. 

The  results  of  this  investigation  may  be  summarized  as  follows ; 

1 .  When  a  liquid  ammonia  solution  of  potassium  amide  is  added 
to  thallium  nitrate  likewise  in  solution  in  liquid  ammonia  a  black 
precipitrate  of  thallous  nitride  is  formed  in  accordance  with  the 
reaction  expressed  by  the  equation 

3TINO3  +  3KNH2  =  TI3N  +  3KNO3  +  2NH8 

2.  Thallium  nitride  dissolves  readily  in  liquid  ammonia  sol- 
utions of  potassium  amide.  When  the  ammono  base  is  used  in 
limited  quantity  a  yellow  solution  is  formed  from  which  a  com- 
pound of  the  formula  TINK2.4NH3  may  be  obtained  in  the  form 
of  beautiful  yellow  crystals. 

3.  Crystallized  potassium  ammono  thallite  readily  loses  suc- 
cessive portions  of  its  ammonia  of  crystallization  to  form  prod- 
ucts of  the  composition  represented  by  the  respective  formulas 
TINK2.  2NH3  and  TINK2. 1  NH3. 

4.  When  thallium  nitride  is  dissolved  in  excess  of  potassium 
amide,  solutions  are  formed  from  which  well  crystallized  products 
impossible  of  formulation  as  definite  chemical  compounds  are 
obtained.  These  products  are  considered  to  be  isomorphous  mix- 
tures of  potassium  ammono  thallite  with  potassium  amide  or 
perhaps  rather  of  potassium  amide  and  the  unknown  thallium 
amide. 
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THE   INFLUENCE   OF   POURING   TEMPERATURE   ON 
ALUMINUM  ALLOYS 

By  H.  W.  Gillett 
Research  DepL,  Aluminum  Casting  Co.,  Detroit,  Michigan 

The  tensile  strength  of  the  light  casting  alloys  of  aluminum  is 
greatly  influenced  by  the  size  of  the  constituent  crystals,  or  as 
the  foundryman  puts  it,  the  "closeness  of  the  grain."  For  any 
given  composition,  the  finer  the  grain  that  can  be  produced,  the 
stronger  the  metal. 

These  alloys  follow  the  general  rule  that  slow  crystallization 
produced  large  crystals  and  rapid  crystallization  small  ones. 
The  speed  of  freezing  is  influenced  by  (a)  the  volume  of  metal 
in  the  casting  and  its  relative  dimensions,  small  thin  castings 
freezing  quickly  and  large,  thick  ones,  slowly,  (b)  the  tempera- 
ture and  heat  conductivity  of  the  mold  (c)  the  temperature  at 
which  the  metal  is  poured  into  the  mold. 

In  practice  (a)  is  fixed  by  the  pattern  from  which  the  casting 
is  to  be  made,  and  (b)  is  practically  fixed  by  the  ordinary  use  of 
green  sand  molds  and  dry  sand  cores,  and  is  only  altered  by  the 
use  of  "chills"— (pieces  of  metal  placed  in  the  mold  at  points 
where  slow  freezing  would  cause  cracks  or  shrinks,  and  where 

,  the  extra  strength  due  to  rapid  freezing  is  essential  to  securing 

I  a  good  casting) .    The  effect  of  these  chills  is  mainly  local  as  they 
are  not  used  in  sufficient  quantity  to  greatly  alter  the  speed  of 

i  freezing  of  the  whole  casting.     Hence  the  only  variable  is  the 

!  temperature  of  pouring. 

In  making  either  commercial  tests  or  scientific  investigations 
of  any  physical  property  of  cast  aluminum  alloys,  the  size  of 
te.st  piece,  the  composition  of  the  mold  and  the  pouring  tempera- 
ture should  be  recorded. 

Table  I  shows  the  effect  of  the  size  of  the  bar — the  alloy  used 

j  being  8%  Cu  92%  Al— poured  at  1300°  F.  in  green  sand. 
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TABLE  I 


Dimensions 

Area  of  Cross 
Section 

Tensile  Strength 
lbs.  per  sq.  m. 

Flat 
Round 

0.9"x0.4" 

0.75" X 0.25" 

0.40"  diam 

0.45"       "     

0.36  sq.  in. 
0.19     "     " 
0.126  "     " 
0.159  "     " 
0.196  "     " 
0.442  "    " 
0.785  "    " 

16000 
18000 
20000 
19000 

(( 

0.50"      "     

18000 

i( 

0.75"      "     

16000 

((' 

1.00"      "     

13500 

Henry  Souther  (Brass  World  Vol.  VII,  P.  166),  gives  the  fol- 
lowing for  an  alloy  of  16%  Zn  2|%  Cu  81|%  Al.— all  the  bars 
being  poured  in  the  same  mold. 


TABLE  II 


Dimensions 

Tensile  Strength 

Flat  l"xl-8" 

27000 

l"xl-4" 

25700 

l"x3-8" 

22200 

1"  x  1-2" 

22800 

l"x5-8" 

22400 

l"x3-4" 

21200 

l"x7-8" .... 

21700 

l"xl" 

18800 

There  is  evident  necessity  for  a  standard  test  bar.  The  best 
size  is  that  specified  by  the  Society  of  Automobile  Engineers 
(Transactions  Vol.  6,  p.  520).  This  is  |"  diam.  at  the  break- 
ing section,  which  is  2"  long  and  filleted  for  at  least  |"  to  a  |" 
diam.  threaded  end.  The  use  of  chills  or  artificial  methods  of 
cooling  is  prohibited.  The  bar  is  to  be  tested  unmachined  in 
the  breaking  section,  but  with  threaded  grips.  The  American 
Society  for  Testing  Materials  specifies  a  similar  bar  but  ma- 
chined. 
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Machining  bars  and  threading  grips  is  expensive  and  imprac- 
tical where  large  numbers  of  routine  test  are  made.  It  is  also 
unnecessary  as  the  errors  of  measurement  need  not  be  great  on 
a  properly  molded  un-machined  bar.  We  have  tested  thousands 
of  bars  on  which  the  variation  from  the  mean  diameter  of  a  |" 
bar  was  not  over  5-1000"  and  in  many  cases  it  is  less  than  2-1000". 

We  took  150  bars  consisting  of  75  pairs  of  bars  cast  in  the  same 
mold,  the  alloy  being  12,  and  the  pouring  temperature  1300°  F. 
Three  sets  of  25  companion  bars  were  tested  without  machine 
or  threading  grips,  one  set  was  machined  just  far  enough  to  cleap 
up  and  the  grips  threaded,  one  set  had  threaded  grips  but:Vas 
not  machined  in  the  breaking  section,  the  other  set  was  machined 
in  the  breaking  section  but  the  grips  were  not  machined  or 
threaded.     The  results  follow: 


TABLE   III 


Set 
Number 

Bars  not  machined  or 
Threaded 

Companion  bars 

1 
2 

17830 
18020 
17970 

18450     machined  and  threaded 
18460     threaded  but  not  machined 
18790     machined  but  not  threaded 

It  is  plain  that  improvement  due  to  more  accurate  measure- 
ment of  the  machined  section,  or  to  a  straighter  pull  on  the  test- 
ing machine  due  to  the  use  of  threaded  grips  and  ball  and  socket 
holders,  is  not  enough  to  pay  for  the  machining,  therefore  the 
tests  that  follow,  are  on  bars  as  cast,  and  pulled  in  wedge  grips. 

The  quantitative  effect  of  pouring  temperatures  is  shown  by 
Table  III,  for  an  alloy  of  8  Cu  92  Al.,  the  standard  Soc.  of  Auto 
Eng.  Test  bar,  six  in  a  mold,  molded  in  green  sand  with  gates 
the  full  size  of  the  end  of  the  bar,  poured  from  a  1"  sprewat  one 
end  with  a  1"  riser  at  the  other. 
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TABLE   III. 


Pouring  temp.  deg.  "  F" 

Tensile  Strength  lbs. 
per  sq.  in. 

1200       

20000 

1250    

19500 

1300    

19200 

1350    

18500 

1400    

18000 

1450               

17800 

1500                 

17500 

1550               

17000 

1600                    

16000 

Table  IV  gives  the  averages  for  some  fifty  alloys  poured  cold 
and  hot.  The  percentage  of  alloying  elements  is  given  in  the 
column  headed  "Composition,"  the  balance  being  aluminum 
containing  0.3%  Fe  and  0.2%  Si  as  impurities. 
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TABLE  IV. 

Composition 

Poured  Cold 

Poured  Hot 

No. 

Tensile 

Prg.  Temp, 
deg.  F 

strength  lbs. 

Prg.  Tem. 

Ten.  Str. 

per  sq.  in. 

1 

Pure  Al 

1400 
1225 

10500 
13800 

1600 

8000 

2 

2Cu 

11500 

3 

4  " 

15500 

13000 

4 

6  " 

17600 

14500 

5 

8  " 

20000 

15500 

6 

10  " 

21000 

16000 

7 

12  " 

22500 

17500 

8 

4Zn 

13000 

1550 

10000 

9 

8  " 

17000 

12700 

10 

12  " 

21000 

14000 

11 

16  " 

24000 

17000 

12 

20  " 

27000 

20000 

13 

24  " 

30000 

24500 

14 

28  " 

33000 

27500 

15 

32  " 

35000 

30000 

16 

36  " 

37000 

33000 

17 

3  Cu  3  Zn 

17000 

13000 

18 

7i  "  1  ' 

18000 

14000 

19 
20 
21 
22 

8  "  i  ' 
8  "  §  ' 
3  "  6  ' 
7  "  3  ' 

20000 
20500 
19000 
19500 

17000 
17000 
13500 
15500 

23 
24 
25 
26 
27 

6  "  5  ' 
2  "  10  ' 

4  "  8  ' 

5  "  10  ' 

7  "  9  ' 

20000 
23000 
23500 
24000 
25000 

" 

15000 
15500 
17000 
18500 
18000 

28 

3  "  12  ' 

26000 

18500 

29 

3  "  15  " 

28500 

" 

19500 

30 

3Cu  15Zn  §Mn 

30000 

20000 

31 

2  Cu  19 Zn 

33000 

25000 

32 

4i  "  15  " 

32000 

23000 

33 

2  "  22  " 

36000 

28000 

34 

2  "  25  " 

37000 

33000 

35 

If  "  30  " 

42000 

34000 
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for  alloys  above  4%  copper  show  that  their  method  of  judging 
temperatures  by  the  eye  was  not  adequate.  They  drew  the 
erroneous  conclusion  that  the  tensile  strength  did  not  increase 
with  increasing  copper  above  4%,  and  the  error  was  doubtless 
due  to  disregard  of  pouring  temperatures. 

Rosenhain  and  Lawtsberry  (Coll.  Res.-Nat'l.  Phys.  Lab,  Vol. 
VII)  in  their  work  on  Al-Cu-Mn,  cast  their  bars  at  a  moderate 
temperature  (p-156),  but  really  determined  the  pouring  tem- 
perature on  only  one  alloy  (p-162)  finding  hot  pouring  detri- 
mental on  that. 

Where  any  of  these  workers  have  taken  the  pouring  tempera- 
tures, they  have  used  platinum  thermocouples  in  protecting 
tubes.  The  lag  with  this  method  is  considerable,  and  we  have 
found  that  base  metal  couples  or  "fire  rods"  of  the  welded  end, 
rod,  and  tube  type  essential  for  quick  readings.  Some  makes 
of  pyrometer  couples  are  too  readily  corroded  by  the  aluminum, 
but  we  find  the  "Advance"  fire  rod — a  cheap  base  metal  couple — 
to  stand  up  against  this  corrosion  remarkably  well. 

We  use  the  Fahrenheit  scale  simply  because  twenty-five  de- 
grees too  high  a  pouring  temperature  would  mean  about  the 
same  to  the  average  workman  in  any  scale,  and  by  using  the 
Centigrade  scale  it  would  be  more  difficult  to  get  him  to  pour 
so  near  the  temperature  he  was  told  to  use,  as  with  the  Fahren- 
heit. 


ACTION  DES   MfiTAUX  ALCALINS  SUR  LES    CAR- 
BURES  BENZENIQUES 

Par  Louis  Hackspill 

Versailles,  France 

Des  1865,  faisant  agir  le  sodium  sur  le  benzene  vers  200°, 
Lauth^  signale  un  d^gagement  d'hydrogene,  et  un  corps  brun 
impossible  a  s6parer  de  Texces  de  sodium,  il  pensa  que  ce  corps 
devait  etre  du  "phenylurede  sodium."  Schuteznberger^reprenant 
cette  experience  en  1822,  remarqua  que  le  metal  alcalin  deven- 
ant  spongieux,  qu'il  se  formait  un  carbure  solide  (probablement 
du  diphenyle)  et  une  masse  brune  contenant  92,2  pour  100  de 
carbone,  et  4,3  d'hydrogene  et  3,4  d'oxygene.  D'autre  part 
Berthelot  a  observe  que  le  potassium  et  le  sodium  sont  sans  action 
sur  le  benzene  convenablement  purifie,  meme  a  son  point  d'ebul- 
lition.  Cependant  si  Ton  opere  en  tube  scelle,  il  se  forme  tres 
lentement  vers  150°  une  masse  noiratre  qui  semble  etre  un 
melange  de  plusieurs  composes. 

Avec  le  caesium,  la  reaction  commence  a  froid,  il  y  a  done  des 
chances  pour  qu'elle  soit  moins  complexe. 

L'exp^rience  doit  etre  realisee  dans  le  vide  la  plus  parfait. 
Le  metal  puis  le  carbure  sont  introduits  par  distillation,  et  le  tube 
qui  les  contient,  separe  ensuite  a  la  lampe.  La  tension  de 
vapeur  du  benzene  est  assez  grande  a  la  temperature  ordinaire 
pour  permettre  la  rapide  condensation  de  quelques  centimetres 
cubes  de  ce  liquide  par  un  simple  refroidissement  a  80°.  Si  Ton 
abandonne  le  tube  scelle  ainsi  prepare  a  une  temperature  de  15 
k  20°,  la  surface  du  metal  se  ternit,  puis  redevient  brun  fonce; 
au-dessus  du  point  de  fusion  (28°,  25),  I'attaque  est  plus  rapide 
surtout  si  Ton  agite,  ce  qui  a  pour  resultat  de  diviser  le  caesium 
en  une  multitude  de  petits  globules  qui  ne  se  rassemblent  plus. 
II  faut  cependant  malgre  cette  precaution  deux  ou  trois  jours  pour 


iLauth  BuU.  Soc.  Chim.  t.  IV  page  3  (1865). 
^Schutzenberger  Bull.  Soc.  Chim.  (2)  37  p.  50  (1882). 
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transformer  integralement  deux  grammes  environ  de  metal  en 
une  boue  noire,  assez  dense,  qui  tombe  au  fond  du  tube.  Aucun 
gaz  n'est  mis  en  liberte  dans  eette  reaction.  On  peut  separer  le 
compose  noir  forme  du  liquide  surnageant  par  une  serie  de 
decantations  et  de  lavages  au  pentane  sec.  On  chasse  ensuite  ce 
dernier  par  un  courant  d'acide  carbonique.  Le  corps  ainsi  obtenu 
est  amorphe,  chauffe  dans  le  vide  ou  dans  le  benzene  il  se  trans- 
forme  rapidement  en  donnant  un  produit  resineux.  Ilbrulespon- 
tanement  a  I'air  avec  une  flamme  fuligineuse.  L'eau  et  I'al- 
cool  le  decomposent  a  froid  en  donnant  du  diphenyle.  Par  oxy- 
dation  lente,  par  exemple  a  I'air  sous  une  mince  couche  de  ben- 
zene, il  se  transforme  en  un  produit  jaune  extremement  dange- 
reux,  car  c'est  un  explosif  aussi  sensible  que  I'iodure  d'azote 
Chauffe  dans  I'acide  carbonique,  le  compost  organometallique 
noir  se  decompose  avec  une  serie  de  petites  detonations,  sans 
qu'il  soit  possible  de  constater  la  formation  de  benzoate  de 
caesium.  Plonge  dans  le  chloroforme,  il  produit  une  violente 
explosion,  le  tetrachlorure  de  carbone  semble  etre  sans  action 
ainsi  que  I'ether  et  le  pentane. 

Apres  bien  des  essais  infructueux  une  analyse  grossiere  a  pu 
etre  effectuee  de  la  fagon  suivante:  La  preparation  etait  faite 
comme  il  a  ete  dit  plus  haut,  mais  dans  un  petit  tube  en  U  dans 
lequel  le  produit  obtenu  etait  lave  plusieurs  fois  au  pentane, 
seche  a  I'acide  carbonique  puis  pese.  Apres  I'avoir  soumis  a 
Taction  de  la  vapeur  d'eau  dans  le  vide  pendant  plusieurs  jours, 
le  tube  etait  lave  avec  beaucoup  de  precautions,  seche  et  pese, 
le  caesium  dos6  da  is  les  eaux  de  lavage  a  I'etat  de  chlorure.  Cette 
analyse  a  donne  65,34  pour  100  de  caesium,  nombre  se  rap- 
prochant  de  63,33  qui  correspond  a  la  formule  CeHsCs^  laquelle  est 
rendue  tres  admissible  par  la  formation  de  diphenyle  et  de  cae- 
sium au  contact  de  l'eau.  On  pourrait  objecter  cependant  qu'il 
n'y  a  aucun  d^gagement  gazeux  pendant  Taction  du  caesium  sur 
le  benzene,  bien  que  la  substitution  de  Cs  ^  H  implique  la  mise  en 
liberte  d'un  atome  d'hydrogene : 

Ce  He  ^  Cs  =  C6H5CS  -J-  H 


^Le  sodium  ph^nyle  CeHsNa  a  ete  pr(5pare  par  Taction  du  sodium  sur  le 
mercure  diphenyle  (C6H6)2  Hg;  Acree — Amer.  Chem.  Journ.  29 — 5  (1903). 
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On  peut  expliquer  ce  fait  en  admettant  que  Thydrogene 
naissant  se  fixe  sur  le  noyau  benzenique  pour  donner  des  carbures 
plus  hydrogenes  tels  que: 

CeHs,  CeHio,  C6H12 

La  reaction  complete  serait  done  de  la  forme: 

3  CeHe  ^  2  Cs  =  2  C6H5CS  ^  CeHg 

II  n'a  pas  ete  possible  de  separer  sur  quelques  centimetres  cubes 
de  melange,  le  benzene  de  ses  hydrures.  On  ne  peut  que  constater 
la  difference  entre  ses  constantes  physiques  et  celles  du  benzene 
pur.  C'est  ainsi  que  dans  une  experience  le  point  de  fusion  a  ete 
abaisse  de  0°4  et  que  I'indice  de  refraction  passe  de  1,50  k  1,52, 

Le  rubidium  se  comporte  d'une  fagon  tout  a  fait  comparable 
a  celle  du  caesium  vis-a-vis  du  benzene,  mais  la  reaction  est 
encore  beaucoup  plus  lente.  II  a  fallu  chauffer  une  dizaine  de 
jours  a  70°  pour  obtenir  un  decigramme  d'un  produit  analogue 
au  caesium  phenyle.  On  a  pu  egalement  substituer  le  toluene 
au  benzene  sans  modifier  les  resultats  apparents  de  I'exp^rience, 
mais  les  composes  formes  n'ont  pas  ete  etudies. 

En  resume,  les  metaux  alcalins  attaquent  le  benzene  a  des 
temperatures  d'autant  moins  elevees  que  leur  oxydabilite  est 
plus  grande.  Avec  le  caesium  cette  temperature  est  sufiisam- 
ment  basse  pour  que  la  reaction  soit  simple,  eile  donne  vraisem- 
blablement  du  caesium  phenyle 

CeHsCs 

qui  se  decompose  en  presence  de  I'eau  en  deph^nyle  et  hydrate  de 
caesium. 
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POTASH,  SILICA    AND    ALUMINA    FROM    FELDSPAR 

By  Edward  Hart 
Lafayette  College,  Easton,  Pa. 

In  a  study  of  the  commercial  utilization  of  feldspar  which  I 
undertook  several  years  ago,  it  soon  became  evident  that  the 
potash  alone  would  not  pay  the  cost  of  extraction.  This  is  the 
cause  of  the  commercial  failure  of  all  the  methods  heretofore  pro- 
posed. It  is  necessary,  therefore,  to  separate  and  put  into  market- 
able form  the  other  constitutents — silica  and  alumina — if  our 
method  is  to  be  successful. 

With  this  purpose  in  view  I  have  finally  worked  out  the  fol- 
lowing process  which  gives  good  prospect  of  commercial  success : 

The  feldspar  chosen  should  contain  not  much  less  than  12% 
potash.  Spar  of  this  quality  can  be  obtained  in  quantity,  but  one 
of  the  pitfalls  inventors  must  avoid  is  the  expectation  of  getting 
spar  containing  the  theoretical  16.9%  of  potash.  The  spar  mixed 
with  the  proper  amount  of  potassium  sulfate  and  carbon  is  fused. 
The  carbon  added  is  so  regulated  that  the  resulting  slag  contains 
a  considerable  proportion  of  sulfids.  This  has  the  double  advan- 
tage of  saving  a  part  of  the  sulfur,  disengaged  as  hydrogen  sulfid 
on  dissolving  in  acids,  which  aids,  also  in  the  complete  decomposi- 
tion by  breaking  apart  the  particles  as  it  is  given  off.  Experi- 
ments show  that  if  a  colorless  slag  is  obtained  of  even  higher 
alkali  content  it  is  much  less  easily  decomposed  by  sulfuric  acid. 

The  slag  so  obtained  must  be  very  finely  pulverized  and  treated 
in  closed  vessels  with  dilute  sulfuric  acid  leaving  behind  a  very 
pure  silica  which  only  needs  washing  and  ignition  to  yield  a 
marketable  product  fitted  for  the  potter's  use  or  for  the  manufac- 
ture of  sodium  silicate. 

The  solution  contains  potash  alum  and  any  small  amounts  of 
other  metals  such  as  iron,  manganese  and  soda  as  sulfates. 
Lime  is  inadmissible,  as  the  sulfate  forms  crusts  on  evaporating. 

The  solution  on  cooling  gives  at  once  crystals  of  alum,  which 
washing  with  a  little  water  and  centrifuging  renders  marketable. 
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Any  iron  present  remains  as  ferrous  sulfate  in  the  mother  liquor. 
Alum,  however,  is  marketable  only  in  limited  quantity  and  must 
be  for  the  most  part,  converted  into  its  constituents,  aluminum 
and  potassium  sulfates.  This  is  easily  done  by  adding  to  the 
solution  in  a  closed  vessel  potassium  sulfid  in  slight  excess  when 
aluminum  hydroxid  mixed  with  a  little  sulfur  precipitates  in  a 
form  easily  washed.  This  is  dissolved  in  hot  sulfuric  acid,  run  J 
through  a  filter  and  allowed  to  solidify.  The  potassium  sulfate  « 
is  obtained  by  evaporation. 

Each  ton  of  feldspar  (12%  K2O)  should  yield 
444  lbs.  K2SO4 

2040  lbs.  Commercial  Aluminum  sulfate  (18%  AI2O3) 

1300  lbs.  Si02. 


ALLOYS  OF  COBALT  WITH  CHROMIUM  AND  OTHER 

METALS 

By  Elwood  Haynes 

Nokonio,   Indiana 

As  in  organic  nature,  certain  animal  and  vegetable  forms  have 
undergone  modifications,  and  thus,  as  it  were,  fitted  themselves 
to  live  in  a  new  environment,  so  it  has  been  found  possible  in 
certain  instances  to  form  new  metallic  combinations  which  are 
practically  immune  to  the  natural  conditions  that  exist  on  the 
earth  at  the  present  time.  A  few  of  the  rare  metals,  such  as 
gold,  silver,  and  the  metals  of  the  platinum  group,  are  found 
native,  but  the  commoner  heavy  metals  are  nearly  always  found 
in  the  form  of  oxides  or  sulphides. 

For  a  number  of  years  I  have  made  experiments  with  a  view 
to  finding  certain  metallic  combinations  or  alloys  which  would 
not  only  resist  oxidation  and  other  harmful  influences,  but  would 
also  possess  valuable  physical  properties,  which  would  render 
them  fit  for  special  services.  The  first  decisive  step  made  in 
this  direction,  was  the  discovery  of  an  alloy  of  nickel  and  chro- 
mium in  1898.  The  properties  of  this  alloy  have  already  been 
described  in  a  previous  paper.  Immediately  following  the  dis- 
covery of  the  nickel-chromium  alloy,  I  produced  an  alloy  of 
cobalt  and  chromium.  This  has  likewise  been  described  in  the 
previous  paper,  but  the  range  of  proportion  between  the  cobalt 
and  chromium  is  so  great,  and  the  combination  is  modified  to 
such  a  marked  degree  by  the  introduction  of  other  substances, 
that  I  have  felt  justified  in  reading  another  paper  on  this  sub- 
ject, describing  more  fully  my  researches  in  this  particular  di- 
rection. 

As  early  as  1907  and  1908,  I  made  alloys  or  combinations  of 
cobalt,  chromium,  and  tungsten;  cobalt,  chromium,  and  molyb- 
denum;   and  cobalt,  chromium,  tungsten,  and  molybdenum.     I 
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have  made  alloys  of  cobalt  and  chromium  containing  zirconium, 
tantalum,  throium,  titanium,  vanadium,  etc.  I  have  also  added 
to  the  cobalt-chromium  alloys,  the  non-metallic  elements,  car- 
bon, silicon,  and  boron.  Some  exceedingly  interesting  results 
have  been  obtained  from  these  various  combinations,  and  while 
further  investigation  is  necessary  in  order  to  fully  determine 
their  chemical  and  physical  properties,  a  number  of  them  have 
shown  interesting  economic  possibilities. 

The  preliminary  fusions  were  made  in  graphite  crucibles  by 
means  of  a  furnace  operated  by  natural  gas.  I  was  later  obliged 
to  use  crucibles  of  a  special  composition,  not  only  to  avoid  the 
contamination  of  the  metal  by  carbon  from  the  crucible,  but 
also  because  they  proved  more  reliable  under  long-continued 
heating,  than  those  made  of  graphite. 

The  metal  tungsten  alloys  readily  with  chromium  and  cobalt 
in  all  proportions.  When  added  in  small  quantity  to  the  cobalt- 
chromium  alloy,  it  seems  to  have  little  influence  on  the  prop- 
erties of  the  combination,  but  if  the  proportion  rises  to  2%  or 
3%,  a  notable  effect  is  produced.  Generally  speaking,  the 
cobalt-chromium  alloy  becomes  harder  and  more  elastic,  espe- 
cially if  it  contains  a  small  amount  of  carbon,  boron,  or  silicon. 

The  following  experiment  shows  the  effect  of  melting  the  alloy 
in  a  graphite  crucible:  90  grams  of  cobalt,  6.3  grams  of  tungs- 
ten, 18  grams  of  chromium,  together  with  a  small  quantity  of 
calcium  silicide,  were  introduced  into  a  graphite  crucible.  The 
resulting  alloy  was  very  hard,  and  the  crucible  much  eroded  on 
the  inside.  The  bar  could  be  shghtly  flattened  at  one  end,  and 
after  being  made  into  a  cold-chisel,  showed  remarkable  quali- 
ties. It  would  not  only  scratch  glass,  but  also  quartz  crystal. 
It  was  quite  tough  at  ordinary  temperatures,  and  would  cut 
small  chips  or  shavings  from  a  piece  of  STELLITE.  At  a 
bright  yellow  heat  it  showed  signs  of  fusion,  and  became  covered 
with  a  skin  of  oxide. 

An  alloy  was  made  by  melting  the  following  in  a  special  cruci- 
ble: cobalt  rondelles  80  grams,  chromium  20  grams,  tungsten 
7  grams,  calcium  silicide  10  grams,  calcium  carbide  5  grams. 
As  soon  as  the  above  were  melted,  the  crucible  cover  was  re- 
moved, and  15  grams  of  an  alloy  of  cobalt  and  boron  were  intro- 
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duced.  The  crucible  lid  was  then  replaced  and  the  heating  con- 
tinued. A  heavy,  thick  slag  formed,  which  was  removed  before 
pouring  the  metal.  The  resulting  bar  was  very  hard  and  elastic, 
but  only  drew  shghtly  under  the  hammer,  and  then  broke.  A 
cold-chisel  made  from  the  cast  metal  cut  iron  readily.  The  bar 
was  broken  up  and  remelted  with  about  one-third  of  its  weight 
of  an  alloy  of  cobalt,  chromium,  tungsten,  and  carbon.  The 
result  was  a  fine-grained  alloy  which  was  very  elastic,  and  would 
draw  out  to  a  considerable  degree  under  the  hammer  without 
checking.  It's  elastic  hmit  must  have  been  very  high,  since 
when  it  broke,  the  pieces  were  thrown  violently. 

Taking  the  alloy  of  chromium  and  cobalt  as  a  basis,  and  hold- 
ing the  proportion  of  chromium  at  15%  of  the  entire  mixture,  it 
was  found  that  the  alloy  gradually  increased  in  hardness  with 
the  percentage  of  tungsten.  When  the  quantity  of  tungsten 
rises  to  5%,  the  alloy  becomes  distinctly  harder,  particularly 
when  forged  under  the  hammer.  When  the  tungsten  reaches 
10%,  the  metal  still  forges  readily,  and  a  tool  formed  from  the 
alloy  takes  a  fine  cutting  edge.  This  alloy  is  suitable  for  both 
cold-chisels  and  wood  working  tools.  When  the  tungsten  rises 
to  15%,  the  metal  can  still  be  forged,  but  great  care  is  necessary 
in  order  to  avoid  checking.  This  alloy  is  considerably  harder 
than  that  containing  10%  of  tungsten,  and  is  excellent  for  cold- 
chisels.  When  the  tungsten  rises  to  20%,  the  alloy  is  still  harder, 
and  can  be  forged  to  a  small  extent.  It  makes  good  lathe  tools 
for  cutting  steel  and  other  metals  at  moderate  speeds.  When 
the  tungsten  rises  to  25%,  a  very  hard  alloy  results,  which  can- 
not be  forged  to  any  extent,  but  casts  readily  into  bars  which 
may  be  ground  to  a  suitable  form  for  lathe  tools.  These  tools 
have  shown  great  capabilities,  particularly  for  the  turning  of 
steel,  since  they  are  very  strong,  and  retain  their  hardness  at 
speeds  which  almost  instantly  destroy  the  cutting  edge  of  a  steel 
tool.  The  tungsten  may  be  still  further  increased  to  40%,  and 
the  alloy  will  retain  its  cutting  quahties,  and  for  turning  cast 
iron,  this  alloy  answers  even  better  than  that  containing  25%. 
When  the  tungsten  reaches  40%  or  more,  the  alloy  becomes  so 
hard  that  it  will  not  only  scratch  glass,  but  will  readily  scratch 
quartz  crystal.     A  small  drill  made  of  this  material,  drilled  a 
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hole  through  the  wall  of  a  glass  bottle  without  the  addition  of 
any  liquid  or  other  lubricant.  A  f "  square  cast  bar,  when  ground 
to  a  suitable  edge,  was  set  in  a  tool-holder  attached  to  a  lathe. 
The  workman  who  had  operated  the  lathe,  had  been  able  to  turn 
to  form  26  cast  iron  wheels  in  10  hours  with  a  steel  tool  of  the 
same  size.  The  STELLITE  tool  turned  49  of  these  wheels  to 
form  in  the  same  time.  The  steel  tool  was  ground  50  times  dur- 
ing the  operation,  while  the  edge  of  the  STELLITE  tool  was 
dressed  slightly  by  a  carborundum  whetstone,  after  its  day's 
work  was  completed.  A  set  of  steel  cutters,  placed  in  the  bor- 
ing head  of  a  cylinder-boring  machine,  were  able  to  bore  from 
26  to  28  holes  in  10  hours.  These  cutters  were  replaced  by  oth- 
ers made  of  STELLITE,  which  performed  the  work  in  3  hours 
and  20  minutes,  or  a  little  more  than  |  the  time.  Not  only  was 
the  speed  of  the  mill  doubled,  but  the  feed  also,  and  notwith- 
standing this  severe  ordeal,  the  STELLITE  cutters  were  only 
slightly  worn,  while  it  would  have  been  necessary  to  re-grind 
the  steel  cutters  at  least  two  or  three  times  for  the  same  service 
at  slower  speed.  Some  remarkable  results  were  obtained  in  the 
turning  of  steel  on  the  lathe.  For  example,  a  cylindrical  bar  of 
annealed  nickel-chrome  steel,  about  2^"  in  diameter,  was  placed 
in  a  lathe  and  turned  with  a  steel  tool  at  about  as  high  a  speed 
as  the  steel  would  permit  without  "burning."  The  steel  tool 
was  then  replaced  by  one  of  STELLITE,  and  the  speed  at  the 
same  time  increased  to  2|  its  former  speed.  The  STELLITE 
tool  retained  its  edge  under  these  severe  conditions,  and  pro- 
duced a  shaving  weighing  1^%  pounds  in  |  minute  Just  what 
the  effect  of  the  alloy  will  be  in  machine  shop  practice,  is  at  pres- 
ent somewhat  difficult  to  determine.  In  my  opinion,  however, 
it  will  not  fully  supersede  high-speed  steel  in  the  machine  shop, 
but  in  cases  where  rapid  work  is  the  main  consideration,  it  will 
doubtless  replace  high-speed  steel. 

When  molybdenum  is  added  to  a  15%  cobalt-chromium  alloy, 
the  alloy  rapidly  hardens  as  the  molybdenum  content  increases, 
until  the  content  of  the  latter  metal  reaches  40%,  when  the  alloy 
becomes  exceedingly  hard  and  brittle.  It  cuts  keenly  and  deeply 
into  glass,  and  scratches  quartz  crystal  with  ease.  It  takes  a 
magnificent  polish,  which  it  retains  under  all  conditions,  and 
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on  account  of  its  extreme  hardness,  its  surface  is  not  readily 
scratched.  When  25%  molybdenum  is  added  to  a  15%  chro- 
mium alloy,  a  fine-grained  metal  results,  which  scratches  glass 
rather  readily,  and  takes  a  strong,  keen  edge.  Its  color  and  lus- 
ter are  magnificent,  and  it  will  doubtless  find  a  wide  application 
for  fine,  hard  cutlery.  It  cannot  be  forged,  but  casts  readily, 
and  its  melting  point  is  not  abnormally  high. 

If  carbon,  boron,  or  silicon  be  added  to  any  of  the  above  alloys, 
they  are  rendered  much  harder,  though  their  effect  is  not  always 
desirable,  since  they  tend  to  render  the  alloys  more  brittle. 

If  either  tungsten  or  molybdenum  is  added  to  a  cobalt-chro- 
mium alloy  containing  25%  of  the  latter  metal,  the  hardness  of 
the  alloy  is  rapidly  increased.  When  the  percentage  of  tungs- 
ten, for  example,  reaches  5%,  the  alloy  can  be  readily  forged, 
and  forms  an  excellent  combination  for  wood-cutting  tools,  such 
as  chisels,  pocket  knives,  etc.  When  molybdenum  is  added  to 
the  same  mixture  of  chromium  and  cobalt,  much  the  same  effect 
is  produced,  though,  generally  speaking,  a  smaller  quantity  of 
molybdenum  is  required  to  produce  a  given  increase  in  hardness. 
In  some  instances  I  have  found  it  advisable  to  add  both  molyb- 
denum and  tungsten  to  the  cobalt-chromium  alloys.  Gener- 
ally, the  color  and  luster  of  these  alloys,  after  polishing,  are  mag- 
nificent, and  they  seem  to  resist  atmospheric  influences  equally 
as  well  as  the  binary  alloy  of  cobalt  and  chromium. 


THE  REDUCTION  OF  SOME  METALLIC  CHLORIDES 

BY  SODIUM 

By  Matthew  A.  Hunter 
Troy,   N.  Y. 

The  affinity  of  sodium  for  chlorine  has  been  used  from  the 
earliest  times  in  the  history  of  modern  chemistry  as  a  means  of 
separating  other  metals  from  their  combinations  with  chlorine. 
If  these  metallic  chlorides  maintain  their  solid  condition  at  a 
temperature  approaching  a  red  heat,  the  reaction  may  be  carried 
out  in  an  open  crucible,  by  simply  heating  the  metallic  chlorides 
and  sodium  together.  The  reaction  when  once  started  is  carried 
immediately  to  a  conclusion  by  the  large  amount  of  heat  liberated 
by  the  first  reduction.  If  however,  the  metallic  chlorides  are 
liquid  at  ordinary  temperatures,  or  liquefy  below  a  red  heat,  the 
vapor  pressure  of  the  chloride  becomes  considerable  before 
reduction  is  begun,  and  some  or  all  of  the  chloride  is  invariably 
lost. 

It  becomes  necessary  under  these  conditions  to  bring  about  the 
reduction  within  an  enclosed  space  in  order  to  prevent  an  unnec- 
essary loss  of  material  and  also  to  conserve  the  heat  of  the  reaction. 

This  method  of  procedure  was  used  by  Nilson  and  Petterson^ 
in  the  reduction  of  titanium  chloride  and  beryllium  chloride, 
and  by  Kriiss  and  Moraht^  in  the  reduction  of  potassium  bery- 
llium fluoride  by  sodium. 

The  results  of  these  experiments  demonstrated  the  value  of  the 
method  employed,  but  the  amounts  of  material  used  in  the  re- 
action were  so  small  that  the  metal  was  obtained  as  powder 
in  a  state  of  fine  division,  and  not  as  a  coherent  metallic  material. 
Further,  since  the  metals  titanium  and  beryllium  are  difficult 
to  melt,  no  solid  metal  has  ever  been  obtained  from  these  finely 
divided  powders. 

iPogg.  Ann.  (2)  1878;  Berichte  11.  381.  1878. 
^Liebig's  Annalen  260.  161. 
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In  these  pages  it  will  be  shown  that  the  method  of  Nilson  and 
Petterson  has  been  so  extended  that  the  metals  titanium  and 
beryllium  have  been  prepared  in  the  metallic  condition.  Further, 
this  method  of  reduction  has  been  applied  to  the  reduction  of  the 
liquid  chlorides  of  carbon  and  silicon  with  however,  less  satis- 
factory results.  Mention  will  also  be  made  of  an  attempted 
reduction  of  neodymium  chloride. 

Apparatus  Used  For  Reduction 

Two  bombs  were  constructed  from  a  solid  piece  of  forged 
machine  steel;  a  smaller  one  for  preliminary  investigations  on 
small  quantities  of  material,  and  a  larger  one,  of  ten  times  the 
capacity  of  the  smaller,  for  those  reductions  which  were  found 
to  proceed  satisfactorily  in  the  smaller  bomb.  The  small  bomb 
was  made  by  boring  a  1§"  hole  in  a  cylinder  5"  deep  and  2>"  in 
diameter.  This  cylinder  was  provided  with  a  flange  4"  in  diame- 
ter and  a  lid  2"  deep  which  was  fitted  over  the  cavity  in  the  cylin- 
der. The  bomb  was  maintained  airtight  by  an  intervening  gasket 
of  copper,  which  was  pressed  by  hydraulic  pressure  into  grooves 
in  the  cylinder  and  the  lid.  The  lid  was  maintained  in  position 
by  a  steel  yoke  fitted  over  the  flanges  and  pressing  on  the  lid  by 
means  of  a  f "  bolt,  five  inches  in  length. 

The  larger  bomb  had  an  outside  depth  of  6f "  and  an  inside 
depth  of  5",  and  outside  diameter  of  4",  and  an  inside  diameter 
of  3".  The  flange  at  the  top  was  5"  diameter.  The  lid,  which 
was  2"  in  depth,  was  compressed  upon  the  lower  cylinder  as 
before,  with  an  intervening  copper  gasket,  and  maintained  in 
position  by  six  stout  braces,  1^  x  if"  cross  section  and  6"  long. 
Each  of  these  braces  were  bolted  down  by  f "  bolts,  3"  in  length. 
This  bomb  was  calculated  to  withstand  a  total  internal  pressure 
of  80,000  lbs. 

Reduction  of  Titanium  Tetrachloride 

A  preliminary  report  on  the  reduction  of  titanium  tetrachoride^, 
has  already  been  presented  by  the  author ;  but  a  brief  mention  of 
it  need  therefore  be  given  here. 

Titanium  tetrachloride  prepared  by  the  chlorination  of  tita- 

ij.  Am.  Chem.  Soc,  32,  331  (1910). 
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nium  carbide  was  purified  by  repeated  distillation  to  remove  other 
chlorides,  and  by  shaking  with  mercury  and  sodium  amalgam  to 
reduce  the  last  traces  of  chlorine.  The  water  white,  liquid 
chloride  thus  obtained  was  reduced  with  sodium,  and  a  good 
yield  of  metallic  titanium  was  obtained.  The  preliminary  experi- 
ments in  the  small  bomb  gave  most  of  the  metal  in  the  form  of  a 
gray  powder  and  some  of  it  in  the  metaUic  condition,  in  the  form  of 
rounded  globules  about  the  size  of  a  pin  head.  When  the  reaction 
was  transferred  to  the  large  bomb  almost  all  of  the  metal  pro- 
duced was  found  in  the  metallic  condition.  About  100  grams  of 
titanium  were  produced  in  each  experiment,  and  of  this  amount, 
about  70%  was  in  the  form  of  metalhc  beads.  This  metal  con- 
tained no  trace  of  sodium,  and  only  a  faint  indication  of  iron. 
Analysed  by  boiling  in  HCl  and  pptating  with  NH4OH,  it  gave 
99.9%  Ti. 

By  dissolving  in  KHSO4  and  precipitating  by  boiling  the 
solution,  100.2%  of  Ti.  was  found.  The  smaller  pieces  of  the 
metal  possessed  a  considerable  degree  of  malleability.  The  larger 
pieces  were  hard  and  brittle  when  cold,  but  when  raised  to  a  red 
heat,  they  could  be  readily  forged  with  some  superficial  oxidation 
into  short  rods.  A  regular  bead  of  12  grains'  weight  yielded  a  rod 
about  six  inches  long,  on  careful  hammering.  The  melting  point 
of  this  rod  was  found  by  passing  current  through^  it,  in  as  perfect 
a  vacuum  as  could  be  maintained,  and  observing  the  temperature 
of  the  rod  by  a  Wanner  pyrometer.  It  was  found  to  be  between 
1800°  and  1850°;  certainly  not  higher  than  the  latter  value. 
Confirmatory  evidence  was  obtained  on  this  point  by  making 
filaments  of  titanium  powder  and  observing  their  melting  points 
in  lamps. 

The  specific  gravity  of  the  metallic  beads  forged  and  unforged, 
varied  from  4.46  to  4.53.     A  mean  of  four  determinations  gave 
4.50.    The  specific  heat  of  the  metal  was  found  to  be  as  follows : 
Temp.  Sp.  Heat 

0  -  100°  0.1462 

0  -  187°.5  0.1503 

0-254°  0.1516 

0-333°  0.1563 

lAm.  J.  Sci.  27.  393  (1909). 
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This  method  is  an  admirable  one  for  the  preparation  of  pure 
titanium.  The  soHd  material  may  be  obtained  in  considerable 
quantity  in  a  single  operation,  and  of  a  purity  which  has  not 
heretofore  been  reached.  The  melting  point  of  the  pure  metal 
is  not  as  high  as  the  work  of  other  experimenters  on  impure 
materials  would  lead  us  to  believe. 

Reduction  of  Carbon  Tetrachloride 

The  success  which  attended  the  reduction  of  titanium  tetra- 
chloride suggested  the  application  of  this  method  to  the 
reduction  of  the  tetrachloride  of  carbon. 

Theoretical  Considerations 

Before  proceeding  to  the  experimental  part  of  the  work,  I 
performed  a  simple  calculation  in  so  far  as  the  available  data 
allowed  on  the  heat  evolved  by  the  reaction  and  the  pressure 
which  it  was  possible  to  produce. 

If  we  consider  the  reaction 

C  CI4  +  4Na  =  4Na  CI  +  C, 
we  find  that  the  heat  of  formation  of  C  CI4  is  21,000  calories, 
and  the  heat  of  formation  of  4Na  CI  is  391,000  calories. 
The  heat  evolved  by  the  reaction  is  therefore  370,000  calories. 

Now,  if  the  reaction  is  complete,  this  amount  of  heat  is  avail- 
able for  raising  the  temperature  of  the  products  of  the  reaction, 
viz.,  Na  CI  and  C.  On  the  assumption  that  the  heat  capacity  of 
4  Na  CI  is  50  calories  per  degree,  and  of  C  is  6  calories  per  degree, 
the  final  temperature  of  the  reaction  would  be  —^  or 
6,600°  C. 

The  heat  capacity  of  4  Na  CI  however,  rises  as  the  temperature 
increases.  If  we  assume  that  its  heat  capacity  at  high  tempera- 
tures is  double  that  at  ordinary  temperatures,  the  temperature 
produced  by  the  reaction  would  be  '^^^^  or  3490°  C,  a  temper- 
ature which  is  considerable  in  amount.  There  is  a  further  assump- 
tion involved  in  this  calculation,  viz.,  that  the  reaction  is  instan- 
taneous and  that  no  heat  passes  to  the  walls  of  the  restraining 
bomb.    A  correction  for  heat  lost  thereby  is  not  possible.    We 
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are  assured  however,  of  this  one  fact;  that  the  temperature 
attained  by  the  reduction  of  carbon  tetrachloride  by  sodium  must 
be  a  considerable  one. 

It  is  interesting  also  to  calculate  the  pressure  produced  by  the 
reaction. 

The  critical  pressure  of  carbon  tetrachloride  at  its  critical 
temperature  285°  C.  is  45  atmospheres.  If  we  consider  the  vapor 
of  the  tetrachloride  to  act  above  this  temperature  as  a  perfect 
gas,  the  final  pressure  reached  at  2500°  absolute,  would  be  364 
atmospheres.  But,  immediately  the  reaction  takes  place,  the 
pressure  is  reduced  for  that  portion  of  the  material  to  zero.  The 
greatest  pressure  will  maintain  when  the  reaction  is  half  com- 
pleted. If  we  consider  that  the  heat  from  the  reduction  of  one 
half  the  material  is  transferred  instantaneously  to  the  other  half, 
the  instantaneous  pressure  when  the  reaction  is  half  complete 
would  be  182  atmospheres.  Now,  while  no  reliance  can  be  placed 
on  this  figure  for  the  internal  pressure,  it  is  sufficient  again  to 
indicate  that  the  reaction  must  proceed  momentarily  under  a  very 
great  pressure  indeed.  This  fact  is  borne  out  by  the  experimental 
evidence. 

Experimental  Work 

The  first  experiments  were  carried  out  in  the  small  bomb. 
Seventy  grams  of  pure  C  CI4  were  placed  in  the  bomb  and  a  rod 
of  sodium  weighing  forty-two  ^  grams  was  enclosed  with  it. 
The  bomb  was  then  closed  and  heated  by  a  blast  lamp  for  fifteen 
minutes.  The  reduction  began  below  a  red  heat,  and  proceeded 
with  explosive  violence.  The  lid  of  the  bomb  was  raised  and  the 
contents  emerging  at  high  temperature  and  pressure  melted  a 
channel  in  the  bearing  surfaces  between  the  lid  and  the  lower 
cylinder.  The  copper  gasket  at  this  point  had  entirely  dis- 
appeared. A  little  distance  from  the  point  of  emission  of  the 
charge,  the  copper  gasket  was  found,  melted  in  with  the  iron  of 
the  bomb.  A  small  amount  of  a  black  carbon  deposit  was  all 
that  remained  of  the  charge  in  the  bomb.  The  experiment  was 
repeated  four  times  and  in  spite  of  all  precautions,  the  results 
were  equally  disastrous  to  the  bomb. 
9 
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The  larger  bomb  which  had  a  capacity  ten  times  that  of  the 
smaller  one,  was  then  taken.  In  this  bomb  the  six  braces  distrib- 
ute the  retaining  pressure  more  evenly  on  the  gasket,  and  serve 
to  retain  the  lid  in  place  against  the  lifting  pressure  of  the  explo- 
sion. The  confidence  which  was  placed  on  the  large  bomb  has 
been  entirely  justified  in  practice,  since  no  explosion  has  ever 
taken  place  in  any  experiment  in  which  it  was  used.  In  the 
first  experiment  200  grams  of  C  CI2  were  reduced  by  140  grams  of 
Na.  The  bomb  was  heated  by  two  blast  lamps  for  half  an  hour. 
To  indicate  the  completion  of  the  reaction,  a  drop  of  oil  was 
placed  on  the  upper  surface  of  the  lid.  When  the  reaction  took 
place  the  contents  of  the  bomb  were  projected  against  the  lid, 
and  raised  its  temperature  suddenly,  when  the  drop  of  oil  began 
to  smoke  violently,  and  the  heat  was  turned  off.  The  outside  of 
the  bomb  was  then  at  a  dull  red  heat.  On  cooling  and  opening  the 
bomb,  traces  only  of  free  sodium  were  found.  The  upper  portion 
of  the  charge  contained  a  considerable  quantity  of  black  amor- 
phous carbon  in  the  shape  of  hollow  shells,  showing  graphitic 
spots  in  places.  The  lower  portion  contained  the  fused  mass  of 
sodium  chloride  with  which  was  incorporated  the  greater  quan- 
tity of  the  carbon  liberated.  The  charge  was  leached  out  by 
water  and  the  sodium  chloride  was  removed  by  washing  repeat- 
edly in  water.  The  carbon  was  then  heated  with  boiling  H  CI  to 
remove  traces  of  iron,  and  dried  by  washing  in  alcohol  and  ether, 
and  set  aside  for  further  experiment. 

In  a  second  experiment  400  grams  of  C  CI4  was  reduced  by 
240  grams  of  Na.  The  reaction  was  apparently  complete  at  the 
end  of  twenty  minutes.  On  opening  the  bomb,  much  free  sodium 
was  found  on  top  of  the  charge,  due  perhaps,  to  the  fact  that  the 
Na  had  been  squeezed  too  tightly  in  the  top  of  the  bomb,  and  had 
not  melted  down  before  the  reaction  began.  The  reduction  was 
thus  brought  about  with  too  little  Na  for  complete  reduction. 
A  considerable  amount  of  ferric  chloride  was  found  mixed  with 
the  carbon  and  sodium  chloride  in  the  bottom  of  the  bomb.  The 
residue  after  washing  in  water  was  treated  with  alcohol  and  ether. 
The  ether  residue  on  evaporation  gave  indications  of  a  white 
residue.    The  whole  of  the  carbon  residue  was  therefore  taken  and 
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heated  to  300°  in  a  current  of  hydrogen.  The  solid  distillate  which 
was  carried  over  was  collected  and  found  to  be  Ce  Clg  (melting 
point  226°).  From  the  point  of  view  of  the  production  of  carbon, 
the  result  was  unsuccessful,  but  it  gave  an  interesting  side  light 
on  the  production  of  perchlorbenzene. 

In  the  third  and  subsequent  experiments  350  grams  of  C  CI4 
were  reduced  in  the  bomb  and  gave  in  all  cases,  satisfactory 
reductions.  The  internal  heat  produced  by  each  reaction  must  be 
considerable.  The  under  side  of  the  lid  of  the  bomb  shows 
evidence  of  having  been  superficially  melted,  some  of  the 
solidified  metals  hanging  in  drops  from  its  surface.  The  walls  of 
the  bomb  were  so  eaten  away  as  to  render  its  further  use  unsatis- 
factory. In  some  cases  large  holes  were  eaten  out  of  the  sides  and 
small  ingots  of  metal  weighing  from  thirty  to  fifty  grams  were 
found  on  the  inside  of  the  bomb.  The  fact  that  this  melting  had 
taken  place  locally  in  spots  and  that  the  outside  of  the  bomb  had 
never  been  at  a  temperature  much  above  500°  C.  is  an  indication 
that  the  heat  of  reaction  is  a  great  one.  In  all  cases  a  single 
bomb  could  not  be  used  for  more  than  two  experiments  and  was 
often  rendered  useless  by  the  first  one.  On  dissolving  the  prod- 
ucts of  these  latter  reactions  in  water,  it  was  found  that  a  gas 
was  liberated  on  solution  which  burned  with  a  yellow  flame 
quite  distinct  from  that  of  hydrogen  evolved  by  free  sodium  in  the 
charge.  Ten  grams  of  the  charge  were  therefore  taken  and  dis- 
solved in  water.  This  amount  yielded  61.5  ccs.  of  gas  at  tempera- 
ture 25°  C.  and  pressure  760  mm.  On  shaking  41.2  ccs  of  this 
gas  with  ammoniacal  cuprous  chloride,  1.5  ccs  remained.  The 
gas  therefore  contained  96.5  ccs  of  acetylene.  This  indicates  the 
presence  of  1.93%  of  sodium  carbide  produced  by  the  reaction. 

The  carbon  produced  by  the  reaction  was  washed  in  water, 
treated  with  boiling  H  CI,  again  washed  with  water,  with  alcohol, 
and  with  ether,  and  finally  heated  in  a  current  of  hydrogen. 
Analyses  of  various  runs  were  made  by  burning  the  carbon  in  a 
current  of  C02-free  oxygen  and  absorbing  the  CO2  produced  in 
Ba(0H)2.  No  hydrogen  determinations  were  made  so  that  the 
residual  percentages  in  the  analyses  given  may  probably  represent 
hydrogen  only. 
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The  specific  gravity  of  the  carbon  from  one  experiment  was  deter- 
mined by  the  pyknometric  method  in  benzene  and  was  found  to 
be  1.759. 

The  carbon  from  one  experiment  contained  more  graphite  than 
was  usual.  (This  was  levigated  in  water  and  the  heavier  portion 
was  found  to  have  a  specific  gravity  of  1,905.) 

The  material  is  however  for  the  most  part  amorphous  carbon 
and  contains  only  a  small  quantity  of  raphite. 

Crystalline  Residue  from  Reduction  of  C  CI4 

Since  the  carbon  in  the  above  reductions  was  liberated  from 
carbon  tetrachloride  at  a  high  temperature  and  under  consider- 
able pressure,  it  became  a  matter  of  sufficient  importance  to  find 
out  whether  there  were  any  signs  of  fusion  in  the  product  pro- 
duced. Some  rounded  grains  of  graphite  about  the  size  of  small 
peas  were  frequently  found  in  the  residues  after  treating  with 
water  and  hydrochloric  acid.  It  was  thought  at  first  that  this 
gave  evidence  of  the  melting  of  graphite,  especially  so,  since  the 
specimens  were  perfectly  rounded  in  form.  The  existence  of  a 
small  amount  of  iron  in  this  material  may  lead  to  the  conclusion 
that  the  rounded  form  was  given  by  the  incorporation  with  a 
large  amount  of  graphite,  of  a  small  amount  of  iron,  which  was 
later  removed  for  the  most  part  by  solution  in  hydrochloric  acid. 

Of  much  more  interest  however,  than  this,  are  the  results 
obtained  by  studying  the  residues  which  remain  after  the  carbon 
and  graphite  have  been  entirely  removed.  The  method  adopted 
for  the  removal  of  these  was  that  followed  by  Moissan  in  his 
attempts  on  the  artificial  preparation  of  the  diamond.  About 
5  grams  of  the  carbon  residue  were  treated  with  concentrated 
H  N  O3,  to  which  was  added  from  time  to  time,  a  few  crystals  of 
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K  CI  O3;  the  mixture  being  continually  maintained  on  a  hot  plate 
at  about  100°  C.  At  the  end  of  about  three  days,  the  solution 
cleared  and  a  small  white  precipitate  remained  as  a  residue  in  the 
vessel.  The  graphitic  oxide  was  removed  by  washing  and 
decantation,  and  a  very  small  final  residue  was  obtained  in  the 
beaker.  This  residue  was  transferred  to  a  platinum  dish  and 
treated  with  50%  H  F  and  with  boiling  H2  SO4  alternately,  then 
boiled  in  aqua  regia  and  again  treated  with  H  F  and  with  boiling 
H2  SO4.  Finally  after  about  six  of  these  successive  treatments, 
the  residue,  which  was  but  infinitesimal  in  amount  was  trans- 
ferred to  a  watch  glass  and  observed  under  the  microscope. 
The  residue  consisted  of  a  considerable  number  of  fine  crystalline 
grains,  for  the  most  part  colorless  and  transparent,  but  some 
showed  a  pale  yellow  or  a  pale  blue  color.  No  definite  crystalline 
structure  was  visible  in  any  of  them.  Under  crossed  Nicols  they 
showed  a  small  amount  of  double  refraction.  These  are  quite 
distinct  from  glass  and  silica,  small  particles  of  which  are  always 
in  evidence  in  any  solution  which  comes  in  contact  with  a  labora- 
tory atmosphere.  These  crystals  appeared  again  and  again  on 
successive  treatments  with  H  F  and  H2  SO4,  being  quite  insoluble 
in  these  reagents.  On  placing  them  in  a  solution  of  methylene 
iodide  in  a  small  test  tube,  they  were  recovered  from  the  bottom 
of  the  solution.  Their  specific  gravity  is  therefore  greater  than 
3.3.  The  largest  crystals  which  has  been  observed,  showed  a 
greatest  length  of  0.352  m  m.  and  a  greatest  breadth  of  0.192  mm. 
In  no  case  was  any  definite  shape  observed.  The  crystals 
appeared  always  as  irregular  fragments.  There  was  no  evidence 
of  fusion  in  any  of  the  crystalline  grains.  The  residues  were  too 
small  in  amount  to  make  any  attempt  at  determining  their  nature 
by  combustion,  but  from  the  nature  of  origin  and  from  the  fact 
that  they  so  effectively  resist  attempts  to  dissolve  them,  I  am 
led  to  suppose  that  this  residue  is  nothing  but  a  form  of  crystal- 
line carbon. 

Reduction  of  Carbon  Bisulphide  by  Sodium 
While  considering  the  reduction  of  carbon  from  its  tetrachloride 
it  seemed  of  interest  also  to  attempt  the  reduction  from  liquid 
carbon  disulphide  by  the  same  means. 
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It  is  well  known  that  carbon  disulphide  is  an  endothermic  sub- 
stance yielding  up  26,000  calories  by  its  decomposition  from  the 
gaseous  state.  From  considerations  similar  to  those  detailed  in 
the  case  of  carbon  tetrachloride  the  temperature  attained  by  its 
reduction  with  sodium  is  between  2,500°  C.  and  4,500°  C.  From 
similar  considerations  with  regard  to  its  critical  temperature  and 
pressure  the  maximum  pressure  attained  when  the  reaction  is 
half  complete  is  in  the  neighbourhood  of  300  atmospheres.  In 
one  experiment  206  grams  of  carbon  disulphide  were  reduced  by 
250  grams  of  sodium.  The  theoretical  yield  of  carbon  should  be 
32.5  grams.  A  total  amount  of  24.9  grams  was  obtained  in  vari- 
ous states  of  division,  this  being  a  percentage  yield  of  76.6%. 
In  a  second  experiment  in  which  187  grams  of  carbon  bisulphide 
were  taken,  22.4  grams  of  carbon  were  obtained,  the  percentage 
yield  being  77.7%. 

The  reaction  is  much  more  severe  on  the  metal  of  the  bomb  than 
the  reduction  of  the  tetrachloride.  After  each  experiment  a  new 
bomb  had  to  be  prepared.  Much  sodium  carbide  was  produced 
by  the  reaction  and  very  little  free  sodium  was  found.  The  car- 
bon is  again  almost  entirely  in  the  form  of  amorphous  carbon. 
On  removing  this  carbon  by  nitric  acid  and  potassium  chlorate, 
and  treating  the  residue  with  H  F  and  boiling  H2  SO4  small 
crystalline  residues  were  obtained,  similar  to  those  produced  by 
the  tetrachloride,  but  the  amount  of  this  residue  was  again  infini- 
tesimal. No  further  information  was  gained  from  these  results  as 
to  the  conditions  for  the  formation  of  crystalline  carbon  at  the 
mom&nt  of  its  liberation  from  its  compounds. 

Reduction  of  Beryllium  Chloride 

A  sample  of  basic  beryllium  carbonate  sent  to  me  by  Prof. 
Chas.  James,  of  Durham,  N.  H.,  served  as  a  starting  point  in  the 
preparation  of  beryllium  chloride.  This  material  was  converted 
into  oxide  mixed  with  lamp  black  by  means  of  a  sugar  solution, 
and  heated  in  a  current  of  hydrogen,  and  finally  chlorinated  in 
small  portions  in  hard  glass  tubes.  The  beryllium  chloride  which 
sublimed  over  was  continually  resublimed  in  a  current  of  chlorine 
till  the  greater  portion  of  the  green  chlorides  of  iron  were  removed. 
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The  final  product  showed  only  a  pale  pink  coloration  when  solidi- 
fied after  melting.  The  sublimed  crystals  before  melting  were 
pure  white.  The  successive  portions  of  the  chloride  thus  produced 
were  rapidly  transferred  to  a  well  stoppered  bottle  and  preserved. 

In  the  first  attempt  at  reduction  of  the  chloride  38  grams  were 
taken  and  mixed  with  21.8  grams  of  sodium  in  the  small  bomb. 
The  reaction  proceeded  well.  Very  little  free  sodium  was  foimd. 
Some  small  beads  were  found  at  the  bottom  of  the  bomb  in 
appearance  like  metallic  silver.  These  were  soft  and  easily 
flattened.  The  finely  divided  material  after  elimination  of  sodium 
by  alcohol  was  thrown  into  water  and  produced  a  rapid  efferves- 
cence of  hydrogen.  On  the  conclusion  of  the  effervescence,  the 
wash  water  contained  a  considerable  quantity  of  a  grayish  black 
flocculent  material  which  may  be  some  form  of  beryllium  hydrate. 
The  rest  of  the  chloride  (88  grams)  was  then  reduced  in  the  large 
bomb  with  an  excess  of  sodium  (60  grams).  The  sodium  was 
removed  by  absolute  alcohol  and  the  sodium  chloride  by  water. 
A  considerable  quantity  of  small  metallic  beads  were  recovered 
from  the  residue  and  the  remainder  was  in  the  form  of  fine 
metallic  dust  through  which  small  rounded  particles  of  metal 
were  to  be  seen.  The  total  yield  of  metal  was  however,  only  26.3 
%.  A  considerable  quantity  of  the  Be  material  is  transformed 
into  the  grayish  black  flocculent  precipitate  mentioned  above. 

The  solid  beads  are  undoubtedly  metallic  beryllium.  Their 
specific  gravity  was  found  to  be  1.793.  They  dissolve  readily  in 
dilute  sulphuric  acid.  Ammonium  carbonate  throws  down  a 
white  precipitate  from  this  solution  which  is  soluble  in  excess. 
The  precipitate  reappears  in  a  flocculent  form  on  boiling.  Ammo- 
nia precipitates  from  the  solution  a  white  gelatinous  hydrate. 
A  test  for  iron  with  NH4CNS  in  HCl  solution  yielded  only  a 
faint  coloration.  No  ultimate  analysis  of  this  material  has  yet 
been  made.  There  is  no  doubt  that  when  the  experiment  is 
carried  out  in  a  still  larger  scale  that  a  quantity  of  metallic 
beryllium  may  be  easily  made. 

Reduction  of  Silicon  Tetrachloride 
The  silicon  tetrachloride  used  was  prepared  by  chlorinating  the 
impure  silicon  obtained  by  reduction  in  the  electric  furnace. 
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The  chlorides  of  the  heavier  metals  which  pass  over  the  SiCU 
were  easily  removed  by  successive  fractional  distillation.  That 
portion  of  the  liquid  chlorides  which  boiled  between  57°. 5  C.  and 
58°  C.  was  collected  and  given  a  final  treatment  by  shaking  with 
mercury  and  with  sodium  amalgam.  The  liquid  chloride  which 
was  then  distilled  had  a  constant  boiling  point  of  57°. 7  C. 
The  reduction  of  this  silicon  tetrachloride  was  attended  with  con- 
siderable difficulty.  When  the  liquid  chloride  was  poured  into  the 
bomb,  the  vapor  of  the  chloride  which  contains  finely  divided 
silicic  acid  in  suspension  invariably  settled  in  the  gasket  and 
prevented  the  formation  of  an  airtight  joint.  This  could  not  be 
entirely  eliminated  either  by  cooling  the  bomb  before  the  mate- 
rial was  introduced  or  by  subjecting  the  gasket  to  an  abnormal 
pressure.  The  consequence  of  this  was  that  the  silicon  chloride, 
which  it  was  intended  to  reduce,  leaked  out  of  the  bomb  in  the 
first  few  minutes  of  the  heat.  In  the  fourth  attempt  the  bomb 
was  filled  with  silicon  chloride  and  the  requisite  amount  of  sodium 
for  its  reduction.  The  gasket  was  then  put  in  position  and  the  lid 
was  pressed  down  upon  it  by  a  hydraulic  pressure  of  100,000  lbs. 
The  yoke  was  then  screwed  on  the  bomb  without  disturbing  the 
lid.  In  spite  of  this  precaution,  the  pungent  odor  of  silicon  chlo- 
ride was  detected  during  the  heat.  Some  of  the  material  however 
stayed  in  the  bomb  and  was  reduced.  The  reduction  was 
apparently  incomplete  since  much  free  sodium  was  found  in  the 
bomb. 

The  product  of  the  reaction  was  thrown  into  alcohol  to  remove 
the  free  sodium.  The  finely  divided  sihcon  in  the  mass  reacted 
with  the  alcohol,  yielding  a  white  gelatinous  mass  surrounding 
the  larger  black  particles  of  reduced  silicon.  This  material  when 
thrown  into  water  ignited  with  a  succession  of  violent  explosions 
resembling  the  burning  of  Si  H4.  These  explosions  were  pre- 
vented by  dissolving  the  material  in  a  strong  solution  of  hydro- 
chloric acid.  In  dilute  hydrochloric  acid,  the  black  residue  passed 
over  gradually  into  a  white  gelatinous  precipitate  probably  Si 
O2  in  a  hydrated  form.  Some  metallic  beads  were  picked  out 
of  the  final  residue.  These  were  hard  and  brittle  and  were 
thought  to  be  metallic  Si.  They  were  however  easily  soluble  in 
hydrofluoric  acid,  contained  much  iron,  and  had  a  specific  gravity 
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of  5.44.  This  indicates  their  composition  to  be  FeSi2.  The  finely 
divided  material  which  was  saved  by  rapid  washing  in  water  also 
contained  much  iron  from  the  sides  of  the  bomb. 

It  will  be  seen  therefore  that  the  reduction  of  silicon  tetra- 
chloride is  too  difficult  to  be  of  any  practical  value.  The  reaction  is 
further  incomplete  and  the  small  amount  of  material  which  was 
obtained  was  largely  contaminated  with  iron  picked  up  from  the 
sides  of  the  iron  bomb. 


Reduction  of  Nbodymium  Chloride  by  Sodium 

During  the  progress  of  the  work  the  possibilities  of  this  method 
as  means  of  reducing  the  metals  of  the  rare  earths  was  suggested 
to  me.^ 

Some  neodymium  chloride  was  accordingly  prepared  and  its 
reduction  attempted  by  sodium.  Ninety-four  grams  of  the 
chloride  were  taken,  and  mixed  with  26.5  grams  of  sodium  and 
heated  in  the  small  bomb.  On  cooling  and  opening  the  bomb, 
the  free  sodium  was  removed  by  solution  in  alcohol.  The  residue 
consisted  of  sodium  chloride  and  finely  divided  metallic  neody- 
mium. There  was  no  trace  of  any  fusion  of  the  metal.  On 
attempting  to  dissolve  out  the  sodium  chloride  in  water,  the 
neodymium  metal  was  itself  immediately  attacked  by  the  water 
so  that  a  separation  became  impossible. 

A  further  attempt  to  melt  the  metal  in  an  alumina  crucible 
in  the  Arsem  vacuum  furnace  failed  because  the  metal  slagged 
immediately  with  the  crucible. 

In  a  magnesia  crucible  under  the  same  conditions,  the  metal  was 
converted  into  a  carbide  before  the  sodium  chloride  was  entirely 
melted.  Further  reductions  were  tried  and  all  with  the  same 
result.  It  does  not  seem  posBible  by  this  means  to  obtain  Nd 
metal  in  the  molten  condition.  The  finely  divided  powder  which 
is  obtained  is  difficult  to  melt  without  introducing  some  contami- 
nation. 


ij  am    indebted    to  Prof.  Chas.  James  for  this  suggestion   as  well  as    for 
the  materials  on  which  to  work. 
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Conclusions 

The  results  of  the  preceeding  experiments  may  be  briefly  stated 
as  follows: — 

1 .  Titanium  tetrachloride  may  be  readily  reduced  by  sodium 
in  a  closed  bomb.  If  the  amount  of  material  used  be  sufficiently 
great,  the  heat  of  the  reaction  is  sufficient  to  give  the  titanium 
metal  in  a  coherent  metalfic  condition. 

2.  Carbon  tetrachloride  and  carbon  disulphide  may  be  re- 
duced by  sodium.  The  temperature  and  pressure  produced  by 
the  reaction  is  considerable.  There  is  no  conclusive  evidence  of 
the  fusion  of  any  part  of  the  material  during  the  reduction.  A 
crystalline  residue,  microscopic  in  amount  appears  to  possess 
some  of  the  properties  of  crystalline  carbon. 

3.  By  the  reduction  of  the  tetrachloride  and  disulphide  of  car- 
bon with  sodium,  some  sodium  carbide  is  produced  as  a  by-prod- 
uct of  the  reaction.  With  too  little  sodium  to  complete  the 
reduction  of  the  tetrachloride  some  carbon  hexachloride  is  pro- 
duced. 

4.  Beryllium  chloride  may  be  readily  reduced  by  sodium  and 
obtained  in  the  metallic  condition.  Its  properties  will  be  fur- 
ther investigated. 

5.  Silicon  tetrachloride  may  be  reduced  only  with  difficulty 
by  sodium.  Considerable  trouble  was  experienced  in  maintain- 
ing an  air  tight  bomb.  The  metal  obtained  was  in  a  finely  divided 
condition. 

6.  Neodymium  chloride  is  reduced  by  sodium.  The  metal 
was  found  in  a  finely  divided  condition  and  could  not  be  readily 
separated  from  the  sodium  chloride  produced  by  the  reaction. 


ON    NATURAL    AND    ARTIFICIAL    SULPHOANTI- 
MONITES  AND  SULPHOARSENITES 

By  Prof.  Dr.  F.  M.  Jaeger,  Groningen  (Holland) 
{Inorgan.  Chemical  Laboratory  of  the    University) 

Section  L  I  wish  to  give  here  the  record  of  a  series  of  investi- 
gations executed  in  my  laboratory  during  the  last  year  by  myself 
and  by  my  present  assistant,  Dr.  H.  S.  van  Klooster.  As  our 
purpose  was  to  see,  which  natural  sulphoantimonites  and  sulpho- 
arsenites  could  be  obtained  from  binary  molten  magmas,  we 
first  needed  to  know,  in  how  far  the  pure  components,  which  we 
used  could  crystallize  from  such  liquids.  As  for  a  number  of  these 
components  such  data  were  already  obtained  by  other  investi- 
gators, it  was  finally  only  necessary  to  study  the  mutual  behavior 
of  the  elements:  sulphur  and  silver,  and  sulphur  and  antimony 
with  respect  to  each  other. ^  Some  of  the  data  about  the  sul- 
phosalts  were  already  published  in  a  short  preliminary  paper  in 
the  Kon.  Akad.  van  Wetensch.  Amsterdam,  (1  and  2),  but  have 
not  yet  appeared  in  another  language  than  the  Dutch  elsewhere; 
a  number  of  data  given  here  are,  however,  quite  new.  The  paper 
treats  therefore  of  the  phenomena  occurring  in  the  binary  systems 
of:  Sulphur  and  Antimony,  Sulphur  and  Silver,  Silver  sulphide  and 
Antimony  sulphide,  Leadsulphide  and  Antimony  sulphide,  Silver- 
sulphide  and  Arsenicsulphide,  and  Pyrargyrite  and  Proustite. 

Sulphur  and  Antimony 

Section  2.  Although  the  mutual  behavior  of  sulphur  and  anti- 
mony has  been  already  a  subject  of  investigation  more  than  once, 
only  a  short  time  ago  the  complete  diagram  was  given  of  the 
melting  phenomena  with  binary  mixtures  under  atmospheric 


^F.  M.  Jaeger,  Verslagen  Kon.  Akad.van  Wet.     Amsterdam  (1911).  497. 
"F.  M.  Jaeger  and   H.  S.  van   Klooster,  Verslagen  Kon.  Akad.  van  Wet. 
Amsterdam  (1911)  510. 
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pressure,  by  Pelabon  [Ann.  de  Chim.  et  Phys.  (8)  i7.526.  (1909); 
Compt.  rend.  138.277 -J  40.1389].  However,  the  explanation  of 
the  observed  phenomena  is  at  least  very  peculiar  and  in  many 
respects  wholly  wrong.  In  connection  with  a  study  of  the  natural 
sulphoantimonites,  and  with  a  further  research  as  to  the  remark- 
able photoelectric  effect,  discovered  by  Jaeger  in  1907  [F.  M. 
Jaeger,  Kon.  Akad.  v.  Wet.  Amsterdam,  Proceed.  (1907)  810; 
Z.  f.  Kryst.  44-45.  (1908)],  a  better  knowledge  of  the  possible 
compounds  in  this  system  was  most  desirable.  For  the  same 
reason,  we  have  undertaken  the  investigation  of  the  mixtures  of 
silver  and  sulphur. 

The  method  used  is  the  same  we  followed  in  the  study  of  the 
system  tellurium  and  sulphur  [Jaeger,  Versl.  Kon.  Akad.  v.  Wet. 
(1910).    606]. 

To  prevent  oxj^dation,  all  determinations  were  made  in  an 
atmosphere  of  nitrogen;  the  total  amount  of  materials  used  in 
these  experiments  was  always  20  grams. 

Binary  Meltingpointlinb  of  Antimony  and  Sulphur 

Coiapositions  of  the  mixtures    1st.  Time  in   2nd  Heat  Eff.    Time  in 

in  at.proc.S.  in  weight  proc.S.  Eff.  seconds  seconds 
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Section  3.  Figure  1  gives  these  data  in  graphical  representa- 
tion. From  this  it  is  clear  that  both  elements,  if  melted  together, 
give  only  a  single  compound,  i.e.  (S62S4,  which  melts  at  546°  C. 
At  this  temperature  already  a  slight  dissociation  can  be  observed. 


So   10  20  30  AO  50  60  70  &0  90   Sb 

as  Guinchant  and  Chretien  (Compt.  Rend.  ^4:5.709;  i55'.288;  138. 
1269)  have  mentioned.  There  are  two  eutectic  temperatures  at 
both  sides:  at.  61,3%  sulphur  and  530°  C,  and  at  55  at.  proc. 
sulphur  and  519°  C. 

If  the  concentrations  of  sulphur  are  lower  or  higher,  there  is  a 
system  of  two  liquid  layers  possible.  For  the  transformation 
temperature  of  the  one  system  of  two  liquids,  the  temperature 
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615°  C.  was  found;  the  caloric  effects  are  very  great,  and  the  co- 
existing liquids  at  615°  C.  contain  5%,  resp.  45%  sulphur. 

It  is  very  difficult  to  obtain  the  compound  Sb2S3  in  a  pure  state; 
the  product  always  contains  too  much  or  too  little  sulphur,  so 
that  the  meltingpoint  is  in  each  case  lowered.  For  a  short  time 
J.  Olie  and  H.  R.  Kruyt,  who  studied  the  photo-electric  phe- 
nomena of  antimonysulphide  again,  stated  by  electrical  resistance 
measurements,  the  existence  of  a  very  small  mixed  crystal-series, 
to  about  0.3  at.  proc.  starting  from  Sb-iSs  to  the  »S6-side.  [Proceed. 
Kon.  Akad.  v.  Wet.  Amsterdam  (1912).  740].  We  found  that  a 
small  amount  of  sulphur  can  be  extracted  with  hot  toluene.  It 
is  not  yet  clear  in  what  manner  these  properties  are  related  to  the 
photo-sensitiveness  of  the  compound. 

Guinchant  and  Chretien  (loco  cit.)  have  calculated  the  cryo- 
scopic  constant  of  ^62*84  at  791°  C,  if  Sb  is  the  solved  substance; 
from  the  observed  depressions  of  AgoS  or  P6  >S  are  added,  791°,  1 
follows;  from  Pelabon's  experiments  with  Hg  S  and  CU2S,  792°, 5. 
We  must  suppose  that  *S62'S3  is  in  that  case  not  considerably  dis- 
sociated. The  heat  of  fusion  is  calculated  from  these  data  at  17.2 
Cal.  pro  gramm,  while  the  direct  determination  gave  17.5  Cal. 
pro  gramm.  The  true  specific  heat  at  500°  C.  is  0.220,  while  the 
liquid  at  582°  C.  has  a  specific  heat  of  0.263. 

If  more  sulphur  to  Sb^  S3,  is  added  than  60  at.  proc,  the  solid- 
ifying-temperature  is  lowered.  At  61%  »S  it  is  541°  C,  but  already 
at  61.3%  S  the  liquid  is  split  in  two  layers,  with  a  transformation 
temperature  of  530°  C.  Even  at  80%  and  70%  S  this  tempera- 
ture could  be  observed  again;  but  at  90%  S  the  vaporization  of 
the  sulphur  was  a  greatly  disturbing  fact.  We  found  only  one 
eutectic  temperature,  at  110°  C  —  thus  quite  in  the  vicinity  of 
the  true  meltingpoint  of  sulphur.  There  was  no  indication  found 
of  a  compound  Sb2  S5;  it  seems  not  to  be  obtainable  in  this  way. 

Sulphur  anb  Silver 

Section  4.  The  mixtures  of  silver  and  silversulphide  have 
been  studied  also  more  than  once,  but  with  divergent  results. 
Pelabon  (loco  cit.)  mentions  a  rectilinear  depression  of  the  melt- 
ingpoint of  pure  silver  (960°)  to  800°  C,  and  31%  *S;  he  is  of 
opinion  that  this  point  is  the  first   eutectic  point,  and  that  the 


ii]  Congress   of  Applied  Chemistry  143 

meltingpoint  curve  then  rises  immediately  to  the  meltingpoint  of 
Ag2  S.  Mixtures  containing  more  sulphur  could  not  be  investi- 
gated by  the  vaporization  of  the  sulphur.  These  results  are 
however  contrary  to  those  of  Friedrich  and  Leroux  [Metallurgie, 
S.SQl  (1906);  4.  485(1907)].  They  give  the  meltingpoint  of  99.6% 
Ag2S  at  835°  C,  which  temperature  would  be  increased  by  more  sul- 
phur, which  for  instance  is  known  to  be  the  case  with  Fe  S.  All 
the  investigators  conclude  to  a  partial  miscability  in  the  liquid 
state.  Friedrich  and  Leroux' s  data  agree  principally  with  mine; 
however  their  conclusions  differ  in  some  points  from  mine,  which 
can  be  explained  partially  by  the  fact,  that  they  worked  in  an 
oxygen-atmosphere,  and  the  silver  solves  oxygen  to  a  certain 
amount.  Another  consequence  of  their  method  is  the  oxydation 
of  AgiS,  with  the  formation  of  SO2,  so  that  it  is  impossible  to  give 
a  good  value  for  the  meltingpoint  of  Ag2  S.  Therefore  we  made 
all  the  experiments  in  an  atmosphere  of  pure  nitrogen.  Some 
doubt  has  been  expressed  as  to  the  real  transformation  of  two 
liquid  layers  and  one  solid  phase  at  the  corresponding  tempera- 
ture. For  if  no  forming  of  mixed  crystals  is  supposed  to  be 
possible,  the  end  of  it  must  be  the  presence  of  two  soHd  layers, 
one  of  them  being  pure  Ag,  the  other  Ag2S.  However  in  the 
lower  layer,  there  was  found  as  much  as  16%  *S;  a  quantity 
too  large  to  be  explained  by  accidental  convection  only  during 
the  transformation  of  the  two  liquid  layers.  Although  we  were 
really  able,  by  observing  the  time  of  transformation  at  906°  C, 
to  prove  that  a  real  two-layer-equilibrium  was  present  here,  we 
found  an  inhomogeneous  structure  of  the  two  layers,  notwith- 
standing that  we  made  these  experiments  in  a  nitrogen-atmos- 
phere. This  was  proved  by  means  of  several  analyses  made  of 
the  layers  in  different  places;  thus  an  influence  of  some  diffusion- 
phenomena  must  be  supposed  in  all  these  cases. 

Section  5.  The  experiments  were  made  in  porcelain  test- 
tubes;  graphite-tubes  were  rejected,  and  in  the  same  way  we 
protected  the  thermo-element  by  means  of  porcelain  tubes,  in- 
stead of  nickel  tubes,  as  the  German  investigators  have  done. 

Pelabon  determined  the  meltingpoint  of  vl^2'S  at  825°  C;  Fried- 
rich and  Leroux  do  not  give  this  temperature  at  all,  because  they 
could  not  come  to  higher  concentrations  than  97  weight  proc.  of 
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AgzS,  because  of  the  particular  circumstances  of  their  experiments. 
The  temperature  mentioned  by  Pelabon  certainly  is  too  low; 
in  former  papers  he  gives  the  values:  840°  C.  and  845°  C.(Compt. 
Rend.  136.  1450,  and  137.  920) .  The  reason  of  this  is,  that  Ag2  S 
at  950°  C.  dissociates  already  in  a  perceptible  way.  Working  in  a 
slowly  moving  nitrogen-current,  the  sulphur  is  found  just  above 
the  liquid,  otherwise  in  the  upper  part  of  the  tube.  If  however 
one  works  in  air,  the  Atg2  Si  is  oxydised,  and  SO2  is  evolved.  As 
the  meltingpoint  oi  AgzS  is  rapidly  lowered  by  traces  of  admixed 
silver,  the  discrepancies  in  the  respective  data  are  clearly  ex- 
plained. Indeed,  if  the  heating-up  of  the  substance  is  not  exe- 
cuted with  great  care  and  to  no  higher  temperature  than  only 
a  little  above  845°  C.  we  find  not  only  another  meltingpoint  at 
successive  determinations,  but  at  the  same  time  the  effect  at  806° 
C.  lasts  longer  and  longer;  as  the  true  value  for  a  very  pure, 
analyzed  preparation,  heated  only  just  above  its  meltingpoint, 
we  found  842°  C.  —  which  value  is  in  perfect  agreement  with 
the  values  given  by  Pelabon. 

The  opinion  that  Ag  and  Ag2  S  could  be  melted  together  in  all 
proportions,  to  form  so-called  "  niello,"  is  shown  to  be  wrong. 
As  soon,  as  more  than  10%  S  is  present,  the  two  liquid  layers 
appear,  and  with  increasing  amount  of  sulphur,  their  masses  vary 
by  the  growing  of  the  upper  layer.  After  solidification,  it  is  easy 
to  see  both  layers;  the  sharp  boundary  line  between  them  indi- 
cates, that  hquid  Ag2  S  does  adhere  to  the  wall  of  the  porcelain 
tube,  liquid  Ag  however  does  not. 

Another  question  is  the  possibility  of  solid  solutions  between 
Ag  and  Ag2  S:  Friedrich  and  Leroux  do  not  confirm  this.  When 
the  concentrations  are  lower  than  4  or  5  at.  proc.  S.,  the  eutectic 
temperature  could  be  no  longer  observed.  For  the  depressions 
of  the  meltingpoint  of  pure  silver  by  Ag2  S,  we  found: 

For  2  at.  proc.  S  :  13° 
For  5  at.  proc.  S  :  44°. 

As  the  heat  of  fusion  is  21.1  to  24.7  Cal.,  the  cryoscopic  constant 
for  molten  Ag  must  be  about  1324°  C.  If  no  formation  of  mixed 
crystals  occured,  the  depression  in  these  cases  must  have  been 
26°  and  67°  respectively,  if  ^^2  >S  was  the  solved  substance.    The 
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observed  values  therefore  are  much  too  small;  a  fact  that  points 
to  real  formation  of  solid  solutions,  if  we  could  be  sure  that  no 
very  complex  molecules  (Ag^  S)n  were  to  be  formed.  In  every 
case  the  concentration  of  these  mixed  crystals  cannot  increase 
to  a  considerable  amount,  as  Friedrich  and  Leroux  have  already 
pointed  out. 

The  eutectic  mixture^  lies  at  94.8  weight  proc.  Agi S;  thus  the 
meltingpoint  of  Ag2  S  is  lowered  by  only  5%  Sulphur  already 
36°  C.  All  mixtures  containing  Ag^  S  have  an  inversion  tem- 
perature at  179°  C;  the  maximal  transformation-time  occurs 
with  the  pure  compound.  Perhaps  the  Ag2  *S  shows  some  other 
peculiarities  at  lower  temperatures,  but  we  are  not  yet  quite 
sure  of  it. 

If  the  amount  of  sulphur  surpasses  33.3  at.  proc.  then  the  ;S 
vaporizes  at  800°  C.  already  with  too  great  rapidity  to  make 
investigation  again  possible. 

The  obtained   data  are  given  below;    they  are  represented 

Binary  Meltingpoint  Curve  of  Silver  and  Sulphur 
Composition  of  the    1st  Heat  Time  in  2nd  Heat  Time  in  3d  Heat    Time  in 
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graphically  in  Fig.  2,  which  does  not  need  further  explanation. 
We  have  not  reproduced  photographs  of  etched  surfaces,  be- 
cause they  are  comparatively  simple.  The  silversuplhide  sepa- 
rates as  a  primary  crystallisation  in  small  cubic  crystals;  the 
antimony  sulphide  shows  long-shaped  flat  needles.  We  shall 
have  an  opportunity  to  return  to  them  again,  when  we  shall 
10 
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investigate   the   silversulphoantimonites.     The  inversion   tem- 
perature of  179°  C  with  the  AgiS  is  probably  the  transformation 
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of  the  cubic  form  (argyrite)  more  stable  at  higher  temperatures, 
to  the  form  of  rhombic  symmetry  more  stable  at  lower  tem- 
peratures, occurring  in  nature  perhaps  as  acanthite. 

SiLVERSULPHIDE    AND    AnTIMONYSULPHIDE 

"Section  6.  Under  the  natural  sulphoantimonites  an  important 
■class  is  formed  by  those,  which  contain  silver  and  antimony;  a 
summary  is  given  below.    The  compounds  Sb2  S3  and  Agz  S  also 
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occur  in  nature;  the  first  one  as  a  rhombic  antimonite,  the  second 
one  as  regularly  crystalUzing  argyrite,  and  perhaps  in  a  rhombic 
form  as  acanthite;  as  we  have  seen  in  the  former  investigations, 
they  are  really  the  only  compounds  to  be  met  with  in  melting 
together  silver  and  sulphur,  resp.  antimony  and  sulphur,  while 
the  diagram  showed  an  inversion  temperature  of  179°  C.  with 
Ag2  S.    The  natural  sulphoantimonites  are  the  following: 


AS62S3  +  0.16 

AgoS 

bolivianite 

not  well  determined 

Sbi  S3  -\-  5 

Ag^S 

stephanite 

rhombic 

Sbz  S3  + 

Ag2S 

miargyrite 

monocline 

*S62  S3  + 

SAgiS 

pyrostilpnite 

monocline 

Sb2  S3  + 

9Ag2S 

polybasite 

monocline 

S62  S3  + 

SAg2S 

pyrargyrite 

ditrigonal-pyramidal 

Sb2  Sz  + 

12  AgoS 

polyargyrite 

cubic. 

Of  these  compounds,  miargyrite  is  a  derivative  of  the  meta- 
sulphoantimonous  acid :  H  Sb  S2,  while  pyrargyrite  and  pyro- 
stilpnite are  derivatives  of  the  corresponding  ortho-acid:  HsSb  S3; 
derivatives  of  the  pyro-acid :    H2  Sb2  S5  are  unknown  in  nature. 

Section  7.  Often  trials  have  been  made  to  prepare  these 
sulphoantimonites :  De  Senarmont  obtained  pyrargyrite  from  the 
amorphous  product  by  heating  it  with  solutions  of  Na  H  CO3, 
in  sealed  tubes  at  100°  -  300°  C.  [Ann.  de  Chim.  et  Phys.  (3).  30. 
129,146  (1850);  22.  129,175  (1851)].  Doelter  pretends  to  have 
prepared  from  a  mixture  of  Ag  CI,  K2  H2  Sb2  O7,  Na2  CO3  and 
H2  S  —  solutions  once  miargyrite,  and  further  stephanite  and 
pyrargyrite,  but  more  detailed  data  are  absent. 

We  found  pyrargyrite  as  a  result  of  Na2  S  —  solutions  with 
Ag2  S  and  Sb  Ck,  the  greater  part  of  the /S62'S3  formed  remained  in 
the  Na2S  solution,  even  after  heating  at  200°  C.  during  50  hours. 
If,  however,  we  added  Na  H  CO3  to  the  sulphide  for  about  equal 
weights,  we  obtained  all  the  antimony  in  the  form  of  pyrargyrite. 
The  presence  of  Na  H  CO3OT  A^a2C03  seems  in  all  cases  to  be  very 
favorable.  Heating  to  100°  C.  had  not  much  effect,  but  a  tem- 
perature of  200°  C.  is  sufficient,  if  sustained  about  48  hours.  We 
intend  to  study  these  reactions  more  systematically. 

H.  Sommerlad  [Zeits.  f.  anorg.  Chem.  15  .173  (IS95);  19.  420 
(1898)]  thinks,  that  he  has  obtained  miargyrite,  stephanite,  and 
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polyargyrite  by  melting  together  *S62  S3  with  Ag  CI,  after  eliminat- 
ing the  Sb  Clz  formed  by  distillation.  However,  F.  Ducatte 
(These,  Univ.  Paris,  1902)  and  J.  Rondet  (These,  Univ.  Paris 
1905)  showed  that  this  is  certainly  not  true,  because  there  are 
always  formed  in  this  case  halogenated  compounds.  Their  very 
complicated  "  compounds  "  however  are  neither  homogeneous 
substances,  but  mixtures;  the  composition  varies  with  the 
quantities  of  the  components  used. 

As  we  shall  see  below,  of  all  these  minerals  only  two  are  to  be 
obtained  from  binary  molten  mixtures,  i.  e.,  miargyrite:  Ag  Sb  S2 
and  pyrargyrite:  Ags  Sb  S3.  Stephanite  lies  in  the  immediate 
vicinity  of  an  eutectic  mixture.  As  the  symmetry  of  the  crystal- 
form  is  different  from  each  of  the  components,  it  must  be  assumed 
that  from  this  eutectic  mixture  there  can  be  formed  a  real  com- 
pound at  a  much  lower  temperature,  if  solvents  are  present.  The 
other  minerals  are  in  no  evident  relation  to  the  meltingpoint 
diagram;  they  cannot  be  formed  from  binary  molten  mixtures. 
To  the  same  conclusion  we  must  come  in  the  case  of  the  other 
systems  of  sulphides,  as  we  shall  see.  Therefore  it  can  be  as- 
sumed with  great  probability,  that  those  natural  sulphides  are 
not  formed  from  magmas,  but  certainly  by  pneumatolytic  or 
sedimentary  processes,  and  from  mixtures  with  volatile  solvents. 
Section  8.  Regarding  the  mentioned  binary  system,  there  are 
some  orientating,  but  very  insufficient  data  of  Pelabon  (Compt. 
Rand.  136.  1450.)  while  Guinchant  and  Chretien  published  some 
cryoscopical  data  about  diluted  solutions  of  Ag2  S  in  molten 
Sb2  S3  (Compt.  Rend.  138.  1269).  Pelabon  says,  that  the  binary 
meltingpoint  line  consists  of  six  linear  parts;  but  the  situation 
of  the  eutectic  points  and  the  corresponding  temperatures  are 
given  in  a  quite  insufficient  way :  for  one  of  the  maxima  there  is 
no  temperature  given  at  all,  and  of  one  of  the  minima,  the  com- 
position is  quite  undetermined.  Also  the  composition  of  the 
other  points  is  given  in  a  quite  insufficient  way.  The  data  of 
Guinchant  and  Chretien,  if  recalculated  in  mol.  proc,  agree  very 
well  with  the  figures  we  obtained  for  the  corresponding  branch 
of  the  meltingpoint  curve: 

For      6.58  mol.  proc.     Ago  S,  t  =  522°  C. 

13.5    mol.  proc.     Ago  S,     =  505°  C. 

19.4  mol.  proc.       Ag^  S,     —  487°  C. 

26     mol.  proc.       Ag2  S,     =  462°  C. 
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Section  9.  The  used  components  were  purified  from  super- 
fluous sulphur  by  means  of  toluene,  and  analyzed.  It  was  very 
difiicult  to  obtain  a  product  of  the  constant  composition  S62  S3. 
The  total  mass  of  all  the  mixtures  was  in  all  cases  20  gramms; 
they  were  melted  in  a  nitrogen-atmosphere  repeatedly,  pulverised 
and  again  melted.  By  the  side  of  pure  Ag2  S  the  heat-effects  are 
very  small,  which  gives  some  difficulties  in  determining  these 
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points  with  great  accuracy;  however  the  eutectic  temperature 
can  always  be  accurately  observed.  Above  800°  or  900°  C. 
some  splitting-off  of  sulphur  occurs,  so  that  it  is  of  importance  to 
heat  rapidly  and  with  great  care.  The  molten  mass  is  thin  and 
and  not  very  viscous;  so  it  can  be  stirred  in  a  sufficient  way. 

It  seems  that  the  solidified  mass  shows  again  an  inversion  at  a 
lower  temperature;  however  it  was  not  possible  with  the  present 
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means,  to  find  out  completely  what  occurred.  Some  mixtures 
give  a  heat-effect  at  about  73°  C;  but  the  time,  during  which  the 
temperature  remained  constant,  was  not  well  determinable. 

The  obtained  data  are  given  in  the  table  below;  graphically 
they  are  reproduced  in  the  Fig.  3.  Retardation  phenomena  were 
happily  seldom,  and  commonly  only  feeble. 

Binary    Meltingpointline    of    Silversulphide    and    Anti- 

monysulphide 
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There  cannot  be  found  an  inversion-temperature  of  the  com- 
pound Ag2  Sb  S3.  That  this  substance,  with  its  meltingpoint  of 
486°  C.  was  really  pyrargyrite  could  be  checked  by  several 
methods.  The  spec.  grav.  of  the  compound  was  determined  by 
means  of  a  pycnometer,  with  paraffine-oil  as  the  immersion 
Hquid.  It  was  found  to  be:  5.790  at  18°  C;  for  the  natural  pyrar- 
gyrite were  found  values,  ranging  from  5.75  -  5.85,  while  a 
pyrostilpnite  of  St.  Andreasherg  showed  a  spec.  grav.  of  only  4.2 
-4.3.  Natural  pj'rargyrite  was  melted;  the  meltingpoint  was 
found  to  be  481°  C.  Further  the  colour  (violet),  shape  and  stripe 
on  porcelaintable,  were  quite  the  same  as  of  natural  pyrargyrite, 
so  that  there  cannot  be  any  doubt  about  the  identity  of  the  two 
substances. 

In  the  same  way  we  determined  the  spec.  grav.  of  artificial 
miargyrite;  pycnometrically  we  found:  5.36,  while  the  natural 
miargyrite  has  a  spec.  grav.  of  5.1  -  5.3.  In  the  same  way  a  com- 
parison of  colour,  and  other  properties  confirmed  the  identity 
of  natural  and  artificial  products. 

The  study  of  these  substances,  in  comparison  with  natural 
pyrostilpnite  and  miargyrite  confirms  in  many  respects  the 
hypothesis,  that  the  natural  minerals  are  formed  by  sedimentary 
processes,  rather  than  from  molten  magmas.  The  pyrostilpnites 
of  Przibram  in  Boheme,  often  are  situated  in  quartz,  and  de- 
posited there  in  as  thin  layers,  also  they  have  been  found  with 
veins  of  pyrite  on  calcite;  or  with  pyrargyrite  and  leadsulphite, 
in  evidently  sedimentary  products.  A  miargyrite  of  Przibram 
showed  to  be  a  dense  mass  in  quartz;  the  whole  impression  was 
that  of  a  mineral  complex,  formed  from  solutions. 

Section  10.    On  the  first  branch  (HC) ,  pure  Ag2  S  is  eliminated ; 
this  branch  being  almost  rectilinear,  we  tried  to  calculate  the 
eryoscopic  constant  of  Ag^  S.     The  observed  depressions  were: 
For  1  mol  proc.  Sb2  S3,  37° 
For  2  mol.  proc.  S62  .S3,  62° 
For  3  mol.  proc.  Sb2  S3,  102°. 
For  100  gramms  of  Ag2  S  therefore  the  molecular  eryoscopic 
constant  would  have  the  enormous  value  of   8108°  —  in  accord- 
ance with  the  very  small  heat  of  fusion  of  Ag2  S,  which  is  about 
V7  or  I  of  that  of  pure  silver. 
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Some  of  the  reguli  were  polished  and  then  attacked  by  means 
of  different  solutions.  The  reproductions  4-8,  show  some  of  the 
results.  In  Fig.  4  (Enlargements  are  all  about  25  times),  the 
cubic,  dark  Ag^  S  is  seen  as  primary  crystallisation  on  the  back- 
ground; in  Fig.  5,  the  Ag^  S  is  much  less  in  the  midst  of  a  quasi- 
homogeneous  mass,  which  is  the  eutectic  mixture  C;  Fig.  6  is 
pyrargyrite,  here  and  there  with  hexagonal  peripheries.  This 
preparation  has  all  properties  of  the  natural  mineral:  in  thin 
plates  red-transparent,  in  reJBected  light  a  beautiful  violet,  etc. 
Fig.  7  regards  the  eutectic  mixture  E  and  shows  miargyrite  and 
antimonite  in  almost  the  same  quantities;  the  preparation  is 
etched  by  natriumsulphide.  A  layer-structure  is  not  observed; 
a  fact,  very  common  in  such  mixtures,  with  the  exception  of 
these  of  metals.  In  fig.  8  the  preparation  is  also  attacked  by 
sodium-sulphide ;  the  *S62  »S3  is  seen  in  characteristic  long-straped 
crystals  as  a  primary  crystallisation,  in  greater  quantity. 


Leadsulphide  and  Antimonysulphide 

Section  11.  In  an  analogous  way  the  study  of  the  binary 
mixtures  of  lead-sulphide  and  antimonysulphide  was  begun; 
also  of  this  class  a  lot  of  minerals  are  met  in  nature : 


Zinckenite 

Plagionite 

Warrenite 

(or  Domingite) 

Heteromorphite 

Tamesonite 

Semseyite 


PbS  -\-Sb2Si 

5PbS   -\-4:Sb2S2 

SPbS  -\-2Sb2  Si 


Boulangerite 
Meneghinite 
Geocronite 
Kilbrickenite 


7  PbS 
2PbS 
9  PbS 

7  PbS 
5  PbS 
^PbS 

5  PbS 

6  PbS 


+  4  Sb,  Ss 
+  Sbi  Ss 
+  4.S62*Sg 

or 
-|-  3  Sb2  Si 
+  2  Sb2  Si 
+  Sb2  S3 
-\-Sb2Si 
+  *S62  S3 


rhombic-bipyramidal. 

monocline-prismatic. 

rhombic-bypyramidal. 

monocline-prismatic. 

rhombic-bipyramidal. 

monocline-prismatic. 


rhombic-bipyramidal. 
rhombic-bipyramidal . 
rhombic-bipyramidal. 


The  Epiboulangerite  is  a  sulphoantimoniate :  3  Pb  S  +  Sb2  S5; 
from  the  mentioned  minerals  the  zinckenite  is  a  derivative  of  the 


Fig.  4. 

95%  Ag^S  +  5%  SbsSs. 

(Strong  Hydrochloric  Acid.) 


Fig.  5. 
83.3%  AgS  +  16.7  SboSs. 
(Strong  Hydrochloric  Acid.) 


Fig.  6. 

75%  AgsS  +  25%  SbSs 
(Potassium  hydroxide.) 


Fig.  7. 

28.2%  AgsS  +  71.8  SbjSs. 

(vSodium  sulphide.) 


Fig.  8. 

5%  AgjS  +  95%  Sb2S3. 

(Sodium  sulphide) 


Fig.  10. 

90%  PbS  +  10%  Sb,S3. 

(with  strong  HCI) 


Fig.  11. 

80%  PbS  +  20%  SboSs 


Fig.  12. 
66.67%  PbS  +  33.33%  SbaSs 


Fig   13. 

60%  PbS  +  40%  Sb^Ss 


Fig.  14. 

57.5%  PbS  +  42.5%  SboSj 


Fig.  15. 
55.55%  PbS  +  44.45%  Sb^Sj. 


^^ 


Fig.  16. 

50f;c.  PbS  +  50%  SbsSs. 

(with  Xa2  S.) 


Fig.  17. 
40%  PbS  +  60%  SbsSj. 


Fig.  18. 
20%  PbS  +  80%  SbaSs 


Fig.  19. 
10%  PbS  +  90%  SboSs 


Fig.  21. 

90%  Ag^S  +  10%  As2S., 


Fig.  22. 
80%  AgsS  +  20%  AS2S3 


Fig.  23. 

lo%  AgaS  +  25%  AS2S.3 
(Proustite.) 


Fig.  24. 

40%  AgsS  +  60%  AS2S3 


Fig.  25. 

25%  Ag2S  +  75%  AS2S3 
(with  NasS.) 


Fig.  26. 

10%  AgsS  +  90%  AS2S3. 


.1\  -iXMfffA^ 
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meta-acid,  the  jamesonite  of  the  pyro-acid,  while  an  ortho-sulpho- 
antimonite  is  not  known.  There  is  a  great  variety  of  type,  per- 
haps the  formation  of  solid  solutions,  and  one  can  expect,  that 
the  meltingpoint  diagram  will  prove  to  be  very  complicated. 

Section  12.  Also  here  many  investigators  have  tried  to  pre- 
pare these  minerals  artificially.  J.  Fournet  [Journ.  f.  prakt. 
Chem.  2.  129,  255,478,  (1834);  Ann.  de  Chim.  et  Phys.  (1834). 
412.]  pretends  to  have  obtained  zinckenite  by  melting  together 
Ph  S  and  Sh^  Ss,  and  subhmation  of  the  superfluous  Pb  S.  There 
is  no  evidence  in  his  experiments,  to  suppose  that  he  succeeded 
in  this.  In  the  same  way  H.  Sommerlad  (loco  cit.)  claims  to  have 
prepared  (jamesonite,  boulangerite,  domingite  and  plagionite, 
by  heating  *S62  Ss  with  Pb  Ch.  That  this  is  wrong  is  proved  satis- 
factorily by  Ducatte  and  Rondet  (loco  cit.). 

Section  13.  To  get  P6  ^  in  a  pure  state  proved  not  to  be  a 
simple  matter.  First  we  tried  to  prepare  it  by  precipitation  of 
lead-acetate  with  W^  S;  all  Pb  S  however,  prepared  in  this  way 
or  from  other  solutions,  contained  too  little  Pb:  we  found  com- 
monly values  below  80%  Pb.  Even  after  thoroughly  drying,  it 
always  contains  humidity,  or  it  oxydises  very  rapidly  at  100°  and 
higher.  The  products  of  the  trade  are  not  better:  a  preparation 
of  De  Haen  contained  78.25%  Pb;  if  heated  in  a  current  of  car- 
bondioxyde,  the  substance  lost  2.25%  of  weight. 

This  difficulty  was  already  felt  by  Friedrich  [Metallurgie,  i. 
536  (1905)],  who  investigated  the  binary  system;  PbS-\-Pb,  and 
who  used  finally  the  natural  Pb  S  as  the  best  material.  We  have 
finally  found  a  product  of  De  Haen,  molten  and  solidified  to  large, 
lustrous  crystals;  the  analysis  showed  86.3,  resp.  86.4%  Pb; 
only  a  few  traces  of  iron  were  present  as  impurities. 

The  Sb2  Ss  used  was  obtained  by  solving  the  common  red  *S62  S3 
in  Na^  S,  precipitation  with  hydrochloric  acid  and  purification 
after  Henz  (See  Treadwell,  Quantit.  Analysis).  The  analysis  gave 
71.03%  Sb;  the  meltingpoint  was  546°  C.  Finally  we  found  an 
old  preparation  of  Kahlbaum  with  about  the  same  properties. 

Section  14.  For  the  determinations  we  used  a  small  nickel- 
wire-resistance  furnace;  the  protecting  glass-tube  of  the  ther- 
moelement had  at  the  lower  part  the  form  of  a  needle  of  constant 
length,  to  make  sure  that  the  contact  place  was  always  on  the 
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same  height  in  the  Hquid.  In  spite  of  stirring,  there  always 
occur  undercooUng  phenomena,  which  could  not  be  fully  avoided 
by  inoculation  of  crystalgerms.  All  determinations  were  made 
in  an  atmosphere  of  carbondioxide;  two  curves  of  each  mixture 
were  studied,  with  total  masses  of  10  grammes. 
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The  obtained  data  are  given  below,  and  graphically  repre- 
sented in  Fig.  9.  It  must  be  mentioned  that  the  true  explanation 
of  these  data  was  very  much  counteracted  by  the  many  retarda- 
tion-phenomena. 
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Binary  Meltingpointline  of  Leadsulphide  and 
Antimonysulphide 


Composi 
mix- 
tures 
Mol. 
Proc. 
Pb.  S: 

aonof  the 

in  Weight 
Proc. 
Pb.S 

1st  Hea 

t  Efif. 

Time 
in  sec. 

2nd  H( 

at  E£F. 

Time 
in  sec. 

3rd  He 

at  E£f. 

Time 
in  aec. 

4th  Heat  Eff. 

Time 
in  see. 

0 

0 

546° 

5 

3.6 

535° 

454° 

10° 

10 

7.3 

519° 

464° 

30° 

15 

11.1 

509° 

481° 

90° 

20 

15.1 

496° 

496° 

220° 

25 

19.1 

504° 

480° 

80° 

30 

23.3 

518° 

480° 

90° 

33.33 

26.2 

527° 

470° 

70° 

37 

29.4 

538° 

464° 

60° 

40 

32.1 

550° 

467° 

60° 

45 

36.8 

564° 

450° 

40° 

50 

41.5 

570° 

490° 

430° 

30° 

52 

43.5 

574° 

555° 

519° 

400° 

20" 

54 

45.5 

582° 

560° 

510° 

391° 

10° 

55.55 

47.0 

590° 

565° 

522° 

392° 

57.5 

49.1 

595° 

564° 

504° 

60 

51.6 

605° 

573° 

522° 

62 

53.7 

630° 

610° 

565° 

470° 

63.63 

55.4 

655°(?) 

606° 

540° 

66.67 

58.7 

690°(?) 

600° 

70 

62.3 

? 

597° 

71.43 

63.9 

75 

68.1 

? 

586° 

80 

74.0 

? 

582° 

83.3 

78.0 

90 

86.5 

547° 

(100) 

(100) 

(1120°) 

(1)       ' 

1 

In  every  case  we  are  sure  now  that  there  are  two  compounds, 
instable  at  their  meltingpoints,  which  crystallize  in  a  form  closely 
analogous  to  that  of  the  natural  products.  The  transition-tem- 
perature (H)  oi  jamesonite  is  situated  at  609°  C;  that  of  plagionite 
(D)  at  570°  C.  The  last  compound  showed  again  a  small  heat- 
effect  at  about  523°  C,  which  indicates  a  transformation  in  the 
solidified  mass;  we  are  not  able  to  state  this  change  by  means  of 
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the  microscope.  The  specific  gravity  of  artificial  jamesonite  is 
determined  pycnometrically  at  5.62  (15°  C);  that  of  the  natural 
mineral  is  5.68  -  5.70.  For  artificial  plagionite  we  found  5.47; 
the  natural  product  shows  a  density  of  5.40. 

However,  we  are  of  opinion  that  a  compound,  corresponding 
with  zinckenite,  is  not  formed:  neither  give  the  microscopical 
investigations  any  indication  of  this,  but  in  the  supposed  case 
it  would  be  expected  that  the  inversion  temperature  of  523°  C. 
should  be  observed  in  first  instance  in  the  mixture  of  50%; 
however  just  there  it  was  not  to  be  found  at  all.  The  tempera- 
ture of  the  fourth  row  cannot  be  explained  in  another  way  than  of 
being  those  of  the  eutectic  point  E,  but  considerably  lowered  by 
increasing  undercooling  effects;  these  are  connected  with  the 
very  slight  conductivity  of  heat  in  these  liquids. 

The  normal  situation  of  the  eutectic  point  is  at  495°  C,  and 
80%  antimonite. 

Supposing  that  the  cryscoptic  constant  of  *S62  83  is  791°  C.  it 
was  calculated  that  the  solved  substance  must  be  present  in 
single  molecules.  The  points  of  the  branch  at  the  Ph  >S-side 
could  not  be  determined  with  high  accuracy,  because  of  the  very 
small  latent  heat  of  fusion  of  the  leadsulphide. 

Section  15.  A  series  of  solidified  masses  was  cut  and  polished, 
then  etched  with  different  liquids  and  microscopically  investi- 
gated. The  difficulty  here  is  caused  by  the  relatively  feeble 
reflecting  power  of  the  surfaces,  and  by  the  impossibility,  to  get 
good  polished  surfaces  at  all.  The  enlargements  are  25  times; 
the  photographs  were  taken  with  the  light  of  the  electric  arc. 

Figures  10  -  15  represent  masses,  etched  by  hydrochloric  acid. 
Figs.  10  and  11  show  the  PbSas  primary  crystallisation,  Fig.  12  is 
almost  that  of  an  homogenous  product,  i.  e.  jamesonite;  in  Figs.  13 
and  14  jamesonite  is  present  with  plagionite;  in  Fig.  15  almost  all 
is  plagionite.  The  surfaces  of  Figs.  16-19  were  etched  with  sodium- 
sulphide-solution;  in  Fig.  16  is  visible  plagionite  with  a  small 
amount  of  other  structural  element;  in  Fig.  17  plagionite  is  again 
the  primary  crystallisation;  in  Fig.  18  the  apparently  homo- 
geneous eutectic  mixture  is  represented,  which  at  a  stronger 
enlargement  certainly  shows  to  be  heterogeneous;  in  Fig.  19 
finally  the  characteristic  form  of  the  radial  crystallising  anti- 
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monite  is  visible.  Principally  those  facts  are  in  agreement  with 
the  interpretation  of  the  melting  point  diagram,  as  given  before 
the  temperature  of  523°  C.  must  be  an  inversion  temperature  of 
an  a-plagionite  in  a  B-form,  which  cannot  be  discerned  micro- 
scopically and  no  indication  is  present  of  the  formation  of  another 
compound. 

Section  16.  As  in  the  case  of  the  silversulphoantimonites,  we 
are  here  also  forced  to  conclude  that  the  corresponding  natural 
minerals  cannot  be  formed  from  binary  molten  magmas,  but 
they  have  taken  their  origin  by  pneumatolytic  and  sedimentary 
processes,  under  the  influence  of  volatile  solvents. 

SiLVERSULPHIDE  AND  ArSENICSULPHIDE 

Section  17.  In  connection  with  our  determinations  of  the 
solid  phases,  which  can  be  in  equilibrium  with  binary  liquids  of 
silversulphide  and  antimony-sulphide,  we  have  investigated  in  an 
analogous  way  the  binary  system  of  silversulphide  and  arsenic- 
sulphide.  We  used  silversulphide  of  Kahlbaum,  dried  in  an  at- 
mosphere of  carbondioxide  at  300°  C.  The  arsenic-sulphide  was 
prepared  from  pure  arsenic  and  the  calculated  quantity  of  sul- 
phur; they  were  ground  and  mixed  together,  the  mixture  heated 
to  400°  or  450°  C.  for  several  hours  in  a  sealed  glass  tube,  with  a 
steady  shaking  of  the  mass.  The  homogeneous,  but  glassy  prod- 
uct was  powdered,  analyzed  and  then  used  for  the  preparation 
duct  was  powdered,  analyzed  and  then  used  for  the  preparations 
of  the  different  mixtures.  Precipitated  arsenictrisulphide  could 
not  be  used,  because  it  always  contains  traces  of  acid,  and  other 
impurities  which  can  be  eliminated  only  at  higher  temperatures 
in  open  vessels  where  the  danger  of  oxidation  and  vaporization 
of  some  sulphur  was  always  present. 

It  may  be  mentioned  here,  that  besides  the  experiments  of 
Sommerlad,  Z.  f.  anorg.  Chem.  15.  173.  (1897);  18.  420  (1898), 
also  Berzelius  says  to  have  been  able  to  prepare  Ag  As  S2  from 
solutions  (Pogg.  Ann.  7.  150).  One  of  Sommerlad' s  products 
seems  to  be  identical  with  our  arsenomiargyrite. 

The  binary  mixtures  were  heated  in  small  furnaces  of  nickel- 
wire,  and  in  an  atmosphere  of  carbondioxide,  to  prevent  oxida- 
tion as  much  as  possible.     These  furnaces  allow  a  cooling  or 


158  Original  Communications :  Eighth  International        [vol. 

heating  of  the  mass  in  a  very  good  way,  much  better  than  by 
means  of  the  gas  furnaces  formerly  used. 

In  the  neighbourhood  of  pure  As2  S3,  no  heat-effects  could  be 
observed,  as  the  product  always  solidifies  as  a  glass-substance. 
However,  an  amount  of  10%  Ag2  S  is  already  sufficient  to  get  a 
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good  crystalline  product,  and  a  very  small  heat-effect  could  be 
observed  there  at  about  397°  C.  Generally,  all  liquids  give  good 
crystalline  solid  phases,  with  very  coarse  crystalline  grains. 

The  primary  heat-effects  of  the  crystallising  Ag2  S  are  rather 
feeble  in  the  cooling  curves;  in  the  heating  curves  they  were 
hardly  observable.  The  eutectic  temperature  was  found  con- 
stantly at  469°  C.  (  +  1°),  but  although  it  was  very  constant,  this 
crystallisation  effect  was  often  noticed  only  after  less  or  more 
retardation. 
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The  inversion  point  oi  Ag2S  at  179°  C.  was  not  influenced  in  any 
considerable  way  by  the  presence  of  Aso  S3;  therefore,  it  seems 
that  mixed  crystals  are  not  formed  to  any  distinguishable  con- 
centration. The  inversion  point  could  be  observed  to  an  amount 
of  As2  S3,  of  about  20%.    The  following  data  were  found. 

Binary  Meltingpointcurve  of  Silversulphide  and 
Arsenicsulphide 


Composition  in 
Mol.  Proc.  Weight  Proc. 

A82   S3                     AS2   S3 

Primary 
on  cooling 

effect 

on  heating 

Secondary 
an  cooling 

effect 
on  beating 

Transition 
tempera- 
ture. 
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842° 
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Section  18.  As  seen  from  the  diagram  Fig.  20  the  behaviour  of 
As2  S3  and  Ag2  S  to  each  other  is  wholly  analogous  to  that  of 
Ag2  S  and  S62  S3,  formerly  described.  Here  also  there  are  two 
compounds:  one,  corresponding  to  pyrargyrite,  and  found  in 
nature  as  proustite  Ags  As  Ss;  the  other  one,  corresponding  to  myar- 
gyrite,  but  not  met  with  in  nature,  having  the  composition: 
Ag  As  S2,  which  we  will  discern  as  arsenomiargyrite. 
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Proustite  is  homogeneously  crystallised,  solidifies  without 
undercooling  phenomena  at  490°  C,  and  possesses,  if  ground  finely, 
a  beautiful  red  colour,  like  sealing-wax,  while  the  pyrargyrite 
under  the  same  circumstances  appears  to  be  of  a  bright  violet. 
The  eutectic  temperature  between  Ags  As  S3  and  Ag  As  S2  lies  at 
399°;  the  eutectic  mixture  contains  40%  As2  S3.  The  compound 
Ag  As  S2  melts  homogeneously  at  417°  C,  the  maximum  is  very 
flat,  and  the  substance  seems  to  be  dissociated  in  the  liquid  phase 
to  a  very  high  degree.  The  next  mixtures  become  more  and  more 
viscous,  and  therefore  also  the  undercooling  phenomena  get  more 
and  more  noticeable,  so  that  in  the  neighbourhood  of  the  axis 
for  As2  S3,  the  observed  effects  are  of  considerably  less  value. 
Perhaps  the  melting  point  of  As2  S3  lies  in  the  neighbourhood  of 
300°  C. 

On  pure  As2  S3,  in  connection  with  the  equilibria  between  As 
and  S,  (see  the  paper  of  Jonker,  Zeits.  f .  anorg,  Chem.  62.  89. 
1909.1) 

The  microscopical  investigation  showed  that  proustite  and 
arsenomiargyrite  are  both  beautifully  crystallized  compounds. 
(Fig.  21  -  26).  The  proustite  crystallizes  in  longshaped  needles 
(Fig.  22  and  23) ;  the  arsenomiargyrite  however  in  flat  needles, 
or  rather  in  plates  (Fig.  25),  which  already  microscopically  present 
themselves  as  glittering  spots  much  like  mica,  when  the  solidified 
mass  is  broken  into  pieces.  The  tendency  to  crystallize  is  a  very 
great  one,  even  in  the  cases  where  the  amount  of  the  As2  S3  is 
very  considerable.  However  in  the  Fig.  26  is  shown  the  sphero- 
lithic  structure  of  a  mixture,  rich  in  As2  S3,  as  it  is  ordinarily 
found  in  cases  of  solidifying  of  undercooled  magmas. 

The  proustite  found  in  nature  is  wholly  analogous  to  the  arti- 
ficial product.  The  specific  gravity  of  the  last  was  determined 
5.51,  while  for  the  natural  product  values  are  given  ranging  from 
5.5  till  5.6.  The  artificial  proustite  possesses  the  same  colour  and 
habitus  as  the  mineral  itself.  For  the  arsenomiargyrite  we  found 
a  specific  gravity:  4.49  at  15°  C. 


iThe  melting  point  of  AS2B2  was  found  to  be  320°;  that  of  As^Bs  seems  to  bej 
about  305°  C. 


II 
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Pyrakgyrite  and  Proustite 

Section  19.  Pyrargyrite  and  Proustite  occur  in  nature  as  two 
minerals  of  very  closely  related  forms,  so  that  a  direct  isomorphy 
seems  to  be  present.  They  are  met  with  together,  and  occur 
commonly  in  juxtaposition;  however,  although  pyrargyrite  can 
possess  two  or  three  per  cent.  As,^  and  proustite  as  much*S62,  true 
solid  solutions  of  higher  concentration  of  both  minerals  seems 
not  to  have  been  found  till  now,  as  chemical  analysis  shows.  If 
crystals  with  greater  concentration  occur,  there  seem  in  most 
cases  to  be  present  mechanical  conglomerations. 
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These  facts  seem  to  be  sufficiently  important,  to  take  up  the 
problem,  if  real  solid  solutions  in  every  proportion  can  be  formed 
between  the  two  minerals,  or  if  only  a  partial  miscibility  in  the 
solid  state  would  be  present. 

Section  20.  To  investigate  the  mutual  behaviour  of  both 
minerals  to  each  other,  we  have  determined  the  binary  melting 
point  line  of  very  finely  ground  mixtures  of  both  compounds. 
The  pyrargyrite  has  a  beautiful  dark  lilac  colour,  the  proustite  a 
bright  red  one,  if  they  are  present  in  the  state  of  fine  powders. 
Both  substances  have  a  very  considerable  velocity  of  crystallisa- 
tion, as  a  result,  also  in  binary  mixtures  they  crystallise  promptly, 
so  that  on  stirring  never  any  supersaturation  phenomenon  was 


^Dana,  Mineralogy,  6th  Ed.,  p.  133  (1909)  gives  for  pyrargyrite:  0-3.8% 
Aa,  and  spec.  w.  varying  from  5.90  till  5.68. 
11 
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observed;  and  even,  if  stirring  was  omitted,  the  undercooling 
never  amounted  to  more  than  two  or  three  degrees.  The  solidi- 
fication points  therefore  could  be  used  in  this  case  with  satis- 
factory exactness;  we  used  a  small  nickelwound  resistance- 
furnace,  and  all  mixtures  were  melted  in  an  atmosphere  of  carbon- 
dioxide.  The  temperature  gradient  of  the  furnace  commonly  did 
not  exceed  about  two  or  three  degrees  in  half  a  minute.  The 
results  are  given  below. 

Binary  Meltingpoint  of  Pykargyrite  and  Proustite 


Composition  in  Mol.  Proc. 
Pyrargyrite             Proustite 

Composition  in  Weight  Proc. 
Pyrargyrite             Proustite 

Temp,  of 
Solidification 

0 

100 

0 

100 

489.°5 

5 

95 

5.4 

94.6 

487.°5 

10 

90 

10.8 

89.2 

485° 

15 

85 

16.0 

84.0 

483° 

20 

80 

21.4 

78.6 

476° 

30 

70 

31.9 

68.1 

476° 

40 

60 

42.1 

57.9 

476° 

50 

50 

52.2 

47.8 

475° 

60 

40 

62.1 

37.9 

473.°5 

70 

30 

71.8 

28.2 

475° 

80 

20 

81.4 

18.6 

475.°5 

90 

10 

90.8 

,9.2 

481.°7 

95 

5 

95.1 

'4.9 

482.°2 

100 

0 

100. 

0 

483° 

Section  21.  These  data  are  graphically  reproduced  in  the 
diagram  Fig.  27  and  show,  as  was  further  confirmed  by  the 
microscopical  research  etc.  that  the  two  minerals  form  a  con- 
tinuous series  of  solid  solutions;  the  meltingpoint  fine  possesses 
a  very  flat  minimum  in  the  neighbourhood  of  60  mol.  proc.  pyrar- 
gyrite, and  shows  a  rather  particular  shape. 

The  temperatures  differ  only  little  from  those  of  the  pure  com- 
ponents; the  solidus  line  coincides  practically  with  the  liquidus 
curve,  and  is  not  well  determinable:  it  seems  however,  that  it 
nowhere  deviates  more  than  about  2°  from  the  upper  curve. 
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We  have  not  been  able  to  find  other  thermal  effects  at  lower 
temperatures;  so  it  seems  that  no  hiatus  in  the  mixing-series 
occurs  on  further  cooling. 

Of  some  preparations  sections  were  made,  so  far  as  possible 
carefully  polished,  and  studied  by  means  of  the  microscope.  It 
could  be  shown,  that  in  every  case  only  a  single  structure-element 
was  present,  which  must  be  considered  as  being  mixed  crystals  of 
both  the  components.  They  are  relatively  small,  so  that  the 
preparation  looks  as  if  constituted  by  very  fine  grains.  The 
above  mentioned  conclusion  about  the  miscibility  of  both  min- 
erals, crystallizing  from  binary  molten  magmas,  was  thus  really 
confirmed. 

These  facts  prove  once  more  that  the  circumstances,  under 
which  the  simultaneous  precipitation  of  proustite  and  pyrar- 
gyrite  in  nature  have  occurred,  must  have  been  quite  different 
from  the  experimental  ones.  Evidently  they  cannot  be  formed 
in  nature  from  binary  magmas;  so  also  here  it  seems  certain,  that 
only  sedimentary  and  pneumatolytic  processes  can  be  the  cause 
of  the  observed  partial  miscibility,  met  with  in  nature. 


i 


ETUDE  DES  PROPRIETES  MAGNETIQUES  DES  ALLI- 

AGES  DU  FER,  DU  COBALT,  DU  NICKEL  ET  DU 

MANGANESE  AVEC  LE  BORE 

Par  Mr.  Binet  du  Jassonneix 
Paris,  France 

Les  alliages  ^tudi^s,  dont  on  trouvera  la  description  dans  les 
annales  de  chimie  et  de  physique,  serie  8,  t.  17,  p.  145,  1909, 
fondent  a  des  temperatures  tres  elev^es;  lorsqu'on  les  chauffe 
dans  I'air,  ils  s'oxydent  tres  profondement  et,  meme  dans  I'hy- 
drogene,  ils  attaquent  facilement  la  procelaine,  la  silice  et  jusqu'a 
la  magnesie.  lis  sont,  de  plus,  tres  durs  et  tres  eassants  et  il  est 
a  peu  pres  impossible  d'en  former  des  barreaux  allonges.  Comme 
ils  sont,  au  contraire,  tres  faciles  a  pulveriser,  I'^tude  pr^liminaire 
de  leurs  propriet^s  magn6tiques  qui  fait  Fob  jet  de  ce  m^moire, 
a  ete  faite  sur  les  alliages  r^duits  en  poudre,  dans  des  conditions 
aussi  uniformes  que  possible. 

Variation  de  la  permeabilite  magnetique  avec  la  composition. 
Des  poids  egaux  des  alliages  etudi^s,  pulv^ris^s  et  tamis^s  avec 
soin  d'une  maniere  uniforme,  ont  et6  successivement  introduits 
dans  un  meme  tube  de  verre  et  tasses  sans  compression,  jusqu'^ 
volume  invariable  pour  chaque  echantillon.  Le  tube  de  verre  a 
ete  introduit  dans  une  bobine  magn^tisante  et  Ton  a  mesure  par 
la  mdthode  balistique  les  variations  du  flux  d'induction  qui  se 
produisaient  lorsqu'on  interrompait  le  courant  inducteur. 

Les  alliages  de  fer  et  de  bore  ont  donne  les  r^sultats  suivants, 
A  d^signant  la  deviation  du  galvanometre : 

mm 
Fer  doux,  limaille  brillante  A  =  142 

Fer  doux,  limaille  superficiellement  oxyd^e  139 

Alliage  k  1,4%  de  Bore  145 

Alliage  a  3,2,  eutectique  158 

Alliage  k  5  167 

Alliage  k  5,8  172 

165 
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Alliage  a  8,9,  Fe2B  presque  pur 

mm 
180 

Fe2B  pur,  cristaux  isol^s  par  voie  chimique  super- 

ficiellement  oxyd^s 

178 

Alliage  k  9,4%  de  Bore 

175 

Alliage  k  9,9 

173 

Alliage  k  12,6 

168 

Alliage  k  14,9 

130 

Alliage  a  20,9 

112 

Deviation  due  k  la  bobine  seule 

110 

Si  Ton  porte  en  abscisses  la  teneur  des  alliages  en  bore  et  en 
ordonn^es  les  deviations  du  galvanometre  proportionnelles  a  la 
permeability  magnetique,  le  magnetisme  remanent  des  alliages 
pulv^ris^s  etant  k  peu  pres  nul,  on  obtient  une  courbe  qui  pre- 
sente  un  maximum  pour  la  composition  de  I'alliage  defini  Fe2B. 
Le  traitement  chimique  qui  a  permis  de  separer  ce  corps  pro- 
duisant  une  l^gere  oxydation  superficielle,  il  est  naturel  de  trouver 
pour  la  permeability  des  cristaux  isoles  une  valeur  un  peu  plus 
faible  que  celle  de  I'alliage  le  plus  permeable,  dont  la  composition 
est  sensiblement  la  meme  mais  qui  n'a  subi  aucun  traitement 
chimique;  on  trouve  d'ailleurs,  une  difference  du  meme  ordre 
entre  la  limaille  de  fer  brillante  et  oxyd^e.  II  est  int^ressant  de 
constater  que  le  borure  Fe2B  possede  une  permeability  un  peu 
sup^rieure  a  celle  du  fer  doux.  On  pourrait  objecter  que  les  grains 
d'alliage  pulverise  peuvent  avoir,  a  grosseur  ^gale,  une  forme 
differente  des  grains  de  limaille  produits  par  arrachement  et 
qu'on  ne  doit  pas  conclure  des  poudres  ainsi  obtenues  aux  metaux 
massifs:  mais,  comme,  dans  les  alliages  a  teneur  croissante  en 
bore  depuis  1,4  jusqu'a  8,  9  oiila  ferriteetle borure  Fe2Bsont  jux- 
taposes, et  qui  sont  comparables  entre  eux,  la  permeabilite  croit 
avec  la  teneur  en  Fe2B,  il  est  legitime  de  conclure  que  la  permea- 
bility de  ce  compose  est  superieure  a  celle  de  la  ferrite.  L'etude 
de  ces  alliages  est  reprise  actuellement  suivant  les  methodes  de 
M.  P.  Weiss. 

II  n'a  pas  ete  fait  de  mesures  semblables  avec  les  alliages  de 
cobalt  et  de  nickel  qui  n'avaient  pas  ete  prepares  en  quantite 
suffisante.  Alors  que  I'addition  de  Bore  au  fer  augmente  sa  per- 
meabilite,  un  examen  sommaire  montre  que  le  contraire  a  lieu 
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pour  le  nickel,  du  moins  k  la  temperature  ordinaire:  le  borure 
Ni2B  n'est  pas  attir^  par  un  fort  aimant. 

Les  propri^tes  magn^tiques  de  quelques  composes  du  man- 
ganese ont  6t6  signal^es  par  Heusler  (Zeit.  &  angew.  ch.,  t.  17,  p. 
260,  1904) ;  Wedekind  en  a  fait  d'abord  une  6tude  rapide  (Zeit. 
Electroch.,  t.  11;  p.  850,  1905)  complet^e  plus  tard.  (Zeit.  f. 
physik.  chem.,  t.  66,  p.  614,  1909)  par  des  mesures  relatives  k  la 
permeability,  k  la  saturation  magn6tique  et  k  rhyster^sis  des 
composes  definis. 

J'ai  etudie  la  variation  de  la  perm^abilite  avec  la  composition 
dans  les  alliages  du  manganese  avec  le  bore  par  la  m^thode 
employee  pour  les  alliages  de  fer:  les  resultats  obtenus  ont  ^t6 
tes  suivants ,  A  d^signant  la  deviation  du  galvanom^tre  balis- 
lique  dans  les  memes  conditions : 


Alliage  k  1,4%                                                             H 

\  -      0 

AUiage  k  4 

0 

mm 

Alliage  k  7,7 

118 

Alliage  k  10 

125 

Alliage  k  12,9 

132 

Alliage  k  15,5 

128 

Alliage  a  16,1 

126 

Compose  defini   MnB   (16,66%)   isoie   chimique- 

ment  et  superficiellement  oxyde 

127 

Alliage  k  17,3% 

117 

Alliage  k  17,8 

116 

Alliage  k  19,4 

111 

Alliage  ^21 

110 

Compose  defini  MnBa  (28,6%,) 

110 

Limaille  de  fer  brillante 

142 

Limaille  de  fer  oxydee 

139 

Deviation  dtie  a  la  bobine  seule 

110 

L'examen  des  deux  composes  definis  MnB  et  MnB2  montre 
que,  seul,  le  premier  poss^de  des  proprietes  magnetiques  qui 
n'appartiennent  pas,  non  plus,  au  manganese  pur.  La  courbe 
des  permeabilites  presente  un  maximum  entre  les  teneurs  de  13 
et  de  15%,  alors  que  le  compose  defini  magnetique  MnB  est  k 
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16,66%;  cela  tient  a  la  presence  dans  les  alliages  a  plus  de  15%, 
fortement  tremp^s  par  suite  de  leur  mode  de  preparation  au  four 
electrique  a  tube,  d'une  petite  quantity  de  borure  MnB2  non 
magnetique:  Enfin,  le  traitement  qui  permet  d'isoler  MnB, 
oxydant  superficiellement  les  cristaux,  on  peut  faire,  a  son  sujet, 
la  meme  remarque  que  sur  le  borure  Fe2B. 

Variation  de  la  permeahilite  avec  le  champ.  Pour  les  alliages  du 
fer  ou  du  manganese  qui  ont  et^  studies,  I'induction  a  pris  des 
valeurs  tres  exaetement  proportionnelles  au  champ  jusqu'a  la 
limite  des  experiences  (champ  de  300  unites  environ). 

Magnetisme  remanent  et  hysteresis.  Lorsque,  apres  avoir  coup6 
le  courant  magnetisant,  on  retire  brusquement  de  la  bobine  le 
tube  contenant  Talliage,  on  n'observe  de  deviation  sensible 
(voisine  de  1°^™)  dans  le  galvanometre  balistique  qu'avec  les 
alliages  de  manganese  a  grande  perm^abilite  qui  paraissent  seul 
presenter  un  faible  magnetisme  remanent.  La  limaille  de  fer 
doux  donne,  dans  les  memes  conditions,  une  deviation  de  2™™5. 

Des  experiences  directes  ont  confirm^  ce  resultat:  On  fait 
passer,  suivant  la  methode  de  Braun,  un  pinceau  d^lie  de  rayons 
cathodiques  dans  le  champ  resultant  de  deux  paires  de  bobines, 
deux  a  deux  identiques  et  placees  sur  le  prolongement  Tune  de 
I'autre,  dont  les  axes,  faisant  entre  eux  un  angle  droit,  sont 
situes  dans  un  plan  perpendiculaire  au  faisceau  cathodique. 
Deux  de  ces  bobines,  identiques  et  de  meme  axe,  sont  enroulees 
dans  le  meme  sens  et  produisent  sur  le  faisceau  une  deviation 
proportionnelle  au  champ  inducteur;  les  deux  autres,  enroulees 
en  sens  inverse  Tune  de  I'autre  sont  ajustees  de  fagon  que  leur 
action  se  compense  exaetement.  Si  Ton  place  alors  dans  Tune 
de  celles-ci  Tun  des  alliages  a  etudier,  la  sym6trie  est  detruite  et 
le  faisceau  cathodique  subit  une  deviation  rectangulaire  avec  la 
premiere  et  proportionnelle  a  I'induction  dans  I'alliage.  Lorsque 
les  quatre  bobines  sont  parcourues  par  un  courant  alternatif,  on 
observe  directement,  sur  un  ^cran  fluorescent  plac6  sur  le  pro- 
longement du  faisceau  cathodique,  une  courbe  d'hyst^r^sis  de 
I'alliage. 

Dans  ces  conditions,  les  alliages  de  fer  et  de  bore,  de  manganese 
et  de  bore,  les  borures  Fe2B^  MnB,  MnB2  et  CoB  donnent  des 
cycles  plus  aplatis  que  la  Umaille  de  fer  doux. 
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Variation  de  la  permeahilite  avec  la  temperature.  Points  de 
transformation.  Le  permeabilite  des  alliages  de  fer,  de  cobalt  et 
de  manganese  diminue  quand  la  temperature  s'eleve:  on  le  con- 
state en  suspendant  a  un  fieau  de  balance,  a  I'interieur  d'un  tube 
de  porcelaine  vertical  chauffe  lateralement,  un  fragment  d'alliage 
attir^  par  un  aimant.  Cette  methode  ne  jdonne  que  des  indica- 
tions sur  les  points  de  transformation,  a  cause  des  incertitudes  sur 
la  temperature.  lis  ont  pu  etre  determines  directement  de  la 
maniere  suivante:  line  petite  quantite  de  borure  de  fer  pul- 
verise est  placee  dans  un  tube  de  verre  ou  mieux  de  quartz  de 
5  m/m  de  diametre  parcouru  par  un  courant  d'hydrogene,  entre 
les  pieces  polaires  en  cobalt  d'un  fort  aimant  qui  peuvent  etre 
chauffees  sans  inconvenients  jusqu'a  1000°:  les  grains  d'alliage 
forment  des  chaines  tres  nettes  suivant  les  lignes  de  force.  Un 
couple  thermo-electrique  forme  d'un  fil  de  platine  et  d'un  fil  de 
platine  rhodie  traverse  le  tube  d'un  bout  a  I'autre  suivant  I'axe, 
la  soudure  se  trouvant  au  milieu  des  grains  d'alliage :  on  chaulf e 
progressivement  le  tube  et  on  note  la  temperature  a  laquelle  se 
produit  la  desagregation  des  chaines:  pendant  le  refroidissement, 
si  Ton  prend  soin  de^frapper  de  legers  coups  sur  le  tube,  on  voit 
les  chaines  se  reformer  h  une  temperature  un  peu  inf^rieure  a  la 
pr^cedente.    On  a  trouv6  ainsi  les  resultats  suivants: 

Fe2B     Fer  doux 

Disparition  du  magnetisme  k  temperature  croissante    740°     800° 
Reapparition  du  magnetisme  a  temperature  decrois- 
sante  730°  760° 

Pour  les  alHages  de  cobalt  et  de  manganese  avec  le  bore,  les 
temperatures  de  transformation,  beaucoup  plus  basses,  ont  pu 
etre  determinees  plus  simplement  (voir  Le  Chatelier  et  Wolog- 
dine,  comptes  rendus,  t.  148,  p.  776,  1909).  Les  alHages  ont  ete 
mis  en  suspension  dans  un  tube  a  essais  dans  I'huile  de  vaseline : 
un  thermometre  servait  d'agitateur:  on  pent  determiner  k  1° 
pres  la  temperature  a  laquelle  les  grains  d'alliage  cessent  de  rester 
en  suspension  dans  le  champ  magnetique.  On  a  trouve  ainsi, 
pour  le  point  de  transformation  du  borure  de  manganese  MnB: 
260°  et  pour  celui  du  borure  de  cobalt  C02B:  156°. 
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On  voit  que  le  borure  de  fer  et  le  borure  de  cobalt  ont  des 
points  de  transformation  respectivement  plus  bas  que  le  fer  et 
le  cobalt:  en  particulier,  pour  le  cobalt  dont  le  point  de  trans- 
formation est  voisin  de  1100°,  I'abaissement  est  considerable.  On 
pouvait  se  demander  si,  la  combinaison  du  nickel  avec  le  bore 
ayant  produit  un  abaissement  semblable  (point  de  transforma- 
tion du  nickel  340°),  le  borure  de  nickel  Ni2B,  non  magn6tique, 
k  la  temperature  ordinaire,  ne  se  trouvait  pas  au  dessus  de  son 
point  de  transformation;  on  pouvait  esp^rer  trouver  celui-ci  aux 
basses  temperatures.  Aucune  attraction  par  un  fort  aimant  n'a 
pu  cependant  6tre  observ^e,  jusqu'^  la  temperature  de  I'air 
liquide. 


SUR  LA  REDUCTION  DU  PHOSPHATE  TRICALCIQUE 
PAR  L'HYDROGfiNE 

Par  M.  Arnold  Lassieur 
Chimiste  contrdleur  au  Labor atoire  Municipal  de  la  Ville  de  Paris, 

Paris,  France 

Les  travaux  relatifs  k  la  reduction  des  phosphates  par  les 
reducteurs  gazeux  sont  anciens  et  peu  nombreux. 

En  1860,  Struve^  r^duisit  par  I'hydrogene  les  phosphates  ter- 
reux  avec  formation  des  phosphures,  et  les  phosphates  alcalino- 
terreux,  avec  production  des  phosphates  tribasiques.  II  operait 
k  une  temperature  qu'il  dit  etre  celle  du  rouge  blanc,  et  dans  ces 
conditions  les  phosphates  alcalino-terreux  tribasiques  ne  subi- 
raient  aucune  reduction.  En  1864  Schloesing^  reconnut  que  le 
phosphate  de  chaux  et  celui  d'alumine  mdlang^s  de  silice  sont 
reduits  par  I'oxyde  de  carbone  avec  depart  de  la  totality  de  leur 
acide  phosphorique,  mais  la  silice  est  absolument  indispensable 
a  la  reaction. 

J'ai  6te  amene  incidemment,  a  ^tudier  Paction  de  I'hydrogene 
sur  le  phosphate  tricalcique,  et  j'ai  reconnu  que  ce  corps  subit 
une  reduction  complete,  assez  facilement,  avec  production  de 
phosphore  et  de  chaux.  J'ai  op4r4  au  four  Heratis,  et  les  tem- 
peratures ont  ete  relev^es  a  la  pince  thermo-^lectrique. 

Dans  ces  fours  eiectriques,  les  temperatures  sont  tr^s  in^gale- 
ment  r^parties,  dans  le  four  que  j'ai  employe,  qui  mesurait 
34cm  de  longueur,  il  n'y  avait  au  voisinage  du  centre  qu'une 
region  longue  de  8cm  dans  laquelle  la  temperature  ne  variait 
pas  de  plus  de  40°.  C'est  dans  cette  zone  que  j'ai  place  la  nacelle 
et  la  pince. 

J'ai  rencontre  quelque  difficulte  dans  le  choix  de  la  mati^re 
constituant  la  nacelle.    La  porcelaine  subit  a  1200°  une  alteration 


^Struve.  Journal  fur  Praktische  Chemie  79-348-1860. 
'Schloesing.  C.  R.     59-384-1864. 
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profonde  dans  I'hydrogene,  elle  noirgit  les  silicates  qui  la  con- 
stituent, perdant  un  atome  d'oxygene  pour  chaque  atome  de 
metal  qu'ils  renferment;  le  charbon  perd  notablement  de  son 
poids  en  donnant  du  methane;  la  silice  ne  varie  pas  de  poids, 
mais  subit  une  transformation  qui  lui  ote  toute  resistance.  II 
n'y  a  que  la  magn^sie  qui  resiste  convenablement. 

Le  Phosphate  que  j'ai  employ^  a  ^te  obtenu  par  saturation 
de  Tacide  orthophosphorique  par  un  lait  de  chaux  pure.  II 
titrait  42%  de  P2O5  au  lieu  de  45,8%  pour  PzOsSCaO.  Le  phos- 
phate ainsi  prepare  renferme  toujours  un  exces  de  chaux.  La 
reduction  commence  a  etre  sensible  entre  900  et  1000°,  le  phos- 
phate chauffe  4  heures,  a  1000°  a  subi  une  perte  de  poids  de  2,6%. 

La  reaction  ne  devient  un  peu  rapide,  qu'aux  environs  de 
1300°.  C'est  la  temperature  a  laquelle  je  me  suis  tenu  dans  mes 
essais. 

J'ai  precede  par  chauffes  de  6  heures  dont  on  trouvera  le 
r^sultat  dans  le  tableau  ci-dessous: 


Fraction  de 

Temps 

Perte 

Perte  totale 

Po^s  total  % 

6  heures 

15,1 

15,1 

35,9 

12  heures 

11,5 

26,6 

63,3 

18  heures 

8,7 

35,3 

84,5 

24  heures 

3,6 

38,9 

92,6 

30  heures 

1,5 

40,4 

96,1 

Comme  on  le  voit,  au  bout  de  18  heures,  plus  des  f  de  I'acide 
phosphorique  ont  ete  volatilises.  Le  phosphore  produit,  melange 
des  vari^tes  blanche  et  rouge  se  condense  dans  la  partie  froide  du 
tube  de  porcelaine  dans  lequel  on  chauffe  la  nacelle.  Ce  phos- 
phore dissous  dans  I'acide  azolique  et  precipite  a  I'^tat  de  phos- 
phate-ammoniaco  magnesien,  ne  repr6sente  guere  que  les  f  de 
celui  correspondant  a  la  perte  de  poids  de  la  nacelle,  le  reste  a 
reagi  sur  les  parois  du  tube  de  porcelaine  qui  est  attaqu6  de  la 
maniere  la  plus  vive.  Le  produit  r^duit  se  pr^sente  sous  la  forme 
d'une  poudre  blanche,  tres  alcaline  au  tournesol,  sentant  forte- 
ment  I'hydrogene  phosphore,  bien  que  je  n'ai  pu  y  deceler  de 
quantite  appreciable  de  phosphure  de  calcium  qui  ne  doit  pas 
prendre  naissance  en  presence  de  vapeur  d'eau.     Ce  produit 
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n'a  aucun  pouvoir  reducteur  vis-a-vis  du  sulfate  de  cuivre  et  du 
nitrate  d'argent,  ce  qui  exclut  la  formation  du  sel  de  calcium  d'un 
acide  moins  oxygene  que  I'acide  phosphorique.  Les  gaz  sortant 
du  four,  pouvant  renfermer  de  I'hydrogene  phosphor^,  en  petites 
quantites,  ont  ete  diriges  dans  des  laveurs  a  nitrate  d'argent. 
J'ai  recueilli  ainsi  des  quantites  de  phosphore  extremement 
faibles,  ce  qui  semble  evident,  I'hydrogene  phosphore  ne  de- 
vant  se  trouver,  a  cette  temperature,  qu'en  tres  petites  propor- 
tions dans  le  melange  gazeux. 

Je  me  suis  demande,  si  la  reduction  du  phosphate  de  chaux 
donnait  du  phosphore  et  de  la  chaux  ou  si  Ton  passait  par  une 
succession  de  phosphates  basiques.  Dans  ce  but  j'ai  analyse  des 
phosphates  partiellement  reduits,  en  dosant  la  chaux  libre,  la 
chaux  combinee  et  I'acide  phosphorique.  Le  produit  de  la  reduc- 
tion est  evapore  avec  une  solution  de  carbonate  d'ammoniaque 
jusqu'a  Constance  de  poids,  par  calcination,  on  obtient  une  perte 
de  poids  correspondant  a  I'acide  carbonique  qui  s'est  combing 
k  la  chaux  libre,  la  chaux  totale  est  ensuite  dos6e,  ainsi  que  I'acide 
phosphorique. 

J'ai  op^r6  sur  deux  produits  ayant  subi,  I'un  une  reduction 
d'une  duree  de  6  heures,  I'autre  de  18  heures. 

Composition  du  produit  reduit: 


Duree  de  la 
reduction 

Chaux  libre 

Chaux  combinee 

Anhydride 
phosphorique 

6  heures 

8,8% 

53,1 

38,0 

18  heures 

51,5 

29,4 

18,9 

Le  phosphate  restant  dans  le  produit  reduit  se  trouve  avoir  la 
composition  suivante: 

CaO  P0» 

apres  6  heures  58,2%  41,7%, 

18  heures  60,8%,  39,1%, 

Ces  r^sultats  ont  ete  obtenus  avec  du  phosphate  pr^cipite 
renf  ermant : 

CaO  PK)« 

54,3%  45,7% 
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On  voit  done  que  le  phosphate  qui  reste,  a  cote  de  la  chaux 
libre,  n'est  pas  du  phosphate  tricalcique  pur,  mais  probablement 
un  melange  de  celui-ci  avec  un  produit  plus  basique. 

J'ai  effectue  dans  les  memes  conditions  la  reduction  de  la  cendre 
d'os,  qui  s'est  comportee  de  la  meme  maniere  que  le  phosphate 
precipite.  Ayant  obtenu  ces  resultats  avec  I'hydrogene,  je  pensais 
pouvoir  employer  avec  le  meme  succes  I'oxyde  de  carbone, 
celui-ci  ayant  a  peu  pres  le  meme  pouvoir  reducteur  que  I'hydro- 
gene, en  effet  H2  +  O  degage  58  calories  et  CO  +  O  en  degage 
68.  L'oxyde  de  carbone,  a  1300°,  ne  m'a  donne  aucune  reduc- 
tion, il  est  probable  qu'on  se  trouve  a  une  temperature  ou  le 
frottement  est  suffisamment  fort  pour  empecher  la  reaction,  il 
faudrait  avoir  recours  a  un  catalyseur,  pour  diminuer  les  resis- 
tances passives. 


DISODIUM   MONOHYDROGEN  PHOSPHATE  AND  ITS 
HYDRATES.     THEIR   SOLUBILITIES   AND   TRAN- 
SITION TEMPERATURES 

By  Alan  W.  C.  Menzies  and  Edmund  C.  Humphery 
University  of  Chicago,  Chicago,  III. 

This  work  was  undertaken,  in  continuation  of  other  similar 
work,  as  the  existing  data  are  old  and  surprisingly  discordant. 
The  results  of  Poggiale  (1844)  and  of  Mulder  (1864)  are  to  be 
found  tabulated  in  the  literature.  Above  50°,  Mulder's  solu- 
bility curve  is  concave  towards  the  temperature  axis. 

By  the  help  of  a  worm  stirrer,  saturation  was  usually  attained 
within  one  hour.  The  samples  of  solution  were  analysed  in  dupli- 
cate by  weighing  as  anhydrous  orthophosphate  and  subsequent 
conversion  to  pyrophosphate.  Any  divergences  in  composition 
of  the  solid  phases  from  orthophosphate  would  thus  make  them- 
selves evident  by  a  discordance  between  the  two  analyses.  Means 
were  devised  to  isolate  and  dry  for  analysis  the  solid  phase  appro- 
priate to  each  branch  of  the  solubility  curve  at  the  temperature 
of  its  formation.  To  avoid  the  possible  partial  dehydration  of  the 
hydrates  isolated  that  would  result  if  ordinary  air  were  employed 
for  drying,  the  air  current  used  was  rendered  suitably  humid  by 
bubbling  through  a  saturated  solution  of  the  salt  maintained  at  a 
temperature  but  a  few  degrees  below  that  of  the  crystals  to  be 
dried.  For  maintaining  the  solubility  vessel  at  elevated  temper- 
atures constant  to  hundredths  of  a  degree,  a  very  convenient 
vapor  thermostat  was  afforded  by  the  outer  jacket  of  the  molecu- 
lar weight  apparatus  described  by  Menzies,^  For  lower  tempera- 
tures a  water  tank  thermostat  was  used,  while,  for  the  temper- 
ature 120°,  an  oil  bath  was  maintained  constant  by  hand.  At 
this  high  temperature,  also,  saturated  solutions  were  obtained 
by  rocking  solution  and  solid  in  a  sealed  glass  tube  furnished  with 


ij.  Am.  Ch.  Soc,  32,  1615,  (1910). 
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a  terminal  bulblet  whose  neck  was  at  right  angles  to  the  axis  of 
the  tube.  A  portion  of  the  clear  liquor,  for  analysis,  could  be 
decanted  into  the  bulblet  at  the  constant  high  temperature,  and 
the  contents  subsequently  weighed  and  analysed  by  severing 
the  bulblet  from  the  tube  after  cooling. 

It  was  found  that  disodium  monohydrogen  phosphate  cannot 
safely  be  dried  at  180°  as  stated  in  the  literature,^  because  water 
of  constitution  of  slowly  lost  at  this  temperature.  Drying  at 
about  95°  is  entirely  satisfactory  and  is  not  tedious  if  the  proper 
procedure  is  observed.  In  order  to  dry  the  powdered  dodecahy- 
drate,  for  example,  this  salt  must  be  heated  first  at  a  temperature 
short  of  its  melting  point  (35°),  so  as  to  take  advantage  of  the 
rapid  loss  of  water  from  the  vast  surface  of  the  solid  which 
would  be  enormously  reduced  if  melting  occurred.  After  half  an 
hour  in  a  well-ventilated  crucible  at  this  temperature,  the  dry- 
ing of  a  one  gram  sample  may  be  completed,  by  raising  the  tem- 
perature to  about  95°,  in  less  than  two  hours.  To  obtain  most 
quickly  anhydrous  orthophosphate  from  a  weighed  quantity  of 
its  solution,  this  must  not  be  evaporated  continuously  at  95°. 
The  substance  must  first  be  converted,  by  evaporation  finally 
below  35°,  to  dodecahydrate,  which  is  then  dried,  after  pulver- 
isation, as  above  described. 

The  solubility  data  tabulated  below  are  in  terms  of  parts  of 
anhydrous  Na2HP04  per  100  parts  of  water.  The  figure  repre- 
sents these  results  graphically.  The  temperature  scale  was 
defined  by  a  platinum  resistance  thermometer,  and  the  tempera- 
ture measurements  are  believed  to  be  accurate  to  tenths  of  a 
degree,  except  at  120°,  where  the  error  may  be  half  a  degree. 

The  transition  temperatures  dodecahydrate — heptahydrate 
and  heptahydrate — dihydrate  were  determined  directly  by  the 
dilametric  method. 


iCf.  Whitlock  and  Barfield,  Am.  Chem.  J.,  22,  214,  (1899). 
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Solid  Phases 

Temperature 

Parts  Na2HP04 
in  100  parts  water 

Icei 

— 

0.43 

1.42 

— 

0.24 

0.70 

Cryohydric  point 

— 

0.5 

'      Dodecahydrate 

+ 

0.05 
20.0 

1.67 
7.66 

25.0 

12.0 

32.0 

25.7 

34.0 

33.8 

35.2 


1  rausi  null  ttjuipera  t  ui  c 

Heptahydrate 

39.2 
45.0 

51.8 
67.3 

1         Transition  temperature 

48.3 

Dihydrate 

50.0 
60.0 

80.2 

82.9 

80.0 

92.4 

90.2 

101.0 

Transition  temperature  95 

Anhydrous  Na2HP04 


96.2 

104.6 

105.0 

103.3 

120 

99.2 

'Values  recalculated  from  the  work  of  Jones,  Hydrates  in  Aqueous  Solution, 
p.  39,  table  14. 
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THE  RETENTION  OF  SMALL  QUANTITIES  OF  WATER 

BY  ARSENIC  PENTOXIDE  AT  ELEVATED 

TEMPERATURES 

By  Alan  W.  C.  Menzies  and  Paul  D.  Potter 
University  of  Chicago,  Chicago,  III. 

It  is  well  known  that  the  last  traces  of  water  are  removed  from 
certain  substances  with  great  difficulty  even  at  elevated  tempera- 
tures. In  converting  the  hydrate  3AS2O5,  5H2O  to  arsenic  pen- 
toxide  it  was  found  that  the  greater  part  of  the  water  is  quickly 
removed;  the  last  portions  of  water,  however,  were  apparently 
retained  more  strongly,  although  by  no  means  so  insignificant  in 
amount  as  to  be  difficult  to  determine  satisfactorily.  Further 
study  was  therefore  made  of  this  favorable  case  in  the  hope  of 
throwing  light  on  the  way  in  which  such  small  quantities  of  water 
are  attached  to  the  anhydrous  material. 

It  should  be  mentioned  that  the  statement  of  Auger,^  that  the 
dehydration  of  the  hydrate  3AS2O5,  5H2O  is  complete  at  tempera- 
tures so  low  as  180°,  and  the  method  of  Balareff^  of  analysing  the 
same  hydrate  by  ignition  for  three  hours  at  200°,  are  both  out  of 
harmony  with  the  results  described  below. 

A  quantity  of  2.4723  grams  of  the  above-mentioned  hydrate, 
when  heated  in  a  glass  tube  for  293  hours  at  155°  in  a  current 
of  dry  air  reached  "constant"  weight  while  still  containing  1.05% 
of  water.  By  "  constant  "  weight  is  here  meant  that  the  rate  of 
loss  of  weight  for  the  last  100  hours  of  heating  was  0.00005  g. 
per  hour.  The  temperature  was  then  raised  successively  to  170°, 
187°,  208°  and  238°,  when  the  water  remaining  at  "  constancy  " 
was  0.85%,  0.77%,  0.54%  and  0.42%.  The  table  below  indicates 
(2)  the  total  number  of  hours  of  heating  at  each  temperature,  (3) 
the  actual  weight  of  material  remaining,  (4)  the  percentage  of 
water  remaining  in  the  material,  (5)  the  final  rate  of  loss  per 

iCompt.  rend.,  146,  585  (1908). 
=Z.  anorg.  chem.,  71,  73  (1911). 
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hour,  (6)  the  number  of  hours  of  final  heating  used  in  estimating 

(5). 


1 

2 

3 

4 

5 

6 

25° 

0      hrs. 

2.4723  g. 

11.55% 

155° 

293 

2.2101 

1.05 

0.00005  g. 

100  hrs, 

170° 

99.3 

2.2056 

0.85 

0.00001 

26 

187° 

138.8 

2.2037 

0.77 

0.00001 

72 

208° 

219.5 

2.1987 

0.54 

0.0000 

96 

238° 

235.0 

2.1961 

0.42 

0.000004 

119 

It  was  shown  that  the  losses  of  weight  occurring  corresponded 
exactly  with  the  gains  of  weight  of  a  water  absorption  tube. 

The  experiment  at  170°  was  confirmed  by  repeating  with  three 
portions  of  the  starting  material  in  as  many  crucibles  in  ordinary 
winter  air.  Air  containing  8  mm.  aqueous  tension,  when  passed 
for  48  hours  over  the  residues  maintained  at  170°,  caused  no  gain 
in  weight.  Air  containing  20mm.  aqueous  tension  likewise  failed 
to  cause  change  in  weight  in  20  hours  at  this  temperature. 
Twenty-five  milligrams  of  the  starting  material  were  then  added 
to  the  residue  in  one  crucible,  in  order  to  induce,  by  inoculation, 
the  initiation  of  rehydration  at  20mm.  humidity.  After  45  hours 
at  170°,  however,  in  a  current  of  air  of  this  humidity,  the  added 
material  had  arrived  at  the  same  degree  of  dehydration  as  the 
rest  of  the  contents  of  the  crucible. 

A  sample  of  the  starting  material  (3AS2O5,  5H2O)  was  then 
heated  at  170°  in  a  current  of  air  containing  20  mm.  of  aqueous 
tension.  In  133.3  hours  it  had  become  further  dehydrated  than 
the  samples  dehydrated  for  longer  periods  in  drier  air  in  the 
previous  experiment. 

After  a  number  of  confirmatory  experiments  had  been  made  at 
the  temperature  210°,  the  effect  at  170°,  of  air  of  300  mm.  aqueous 
tension  was  now  tried  upon  the  final  residues  left  on  drying  to 
"  constant  "  weight  in  ordinary  air  at  170°.  This  was  found  to 
produce  a  very  marked  further  dehydration.  It  was,  of  course, 
shown  that  empty  crucibles  similarly  treated  did  not  lose  weight. 
Final  conversion  to  arsenic  pentoxide  at  250°  gave  values  vary- 
ing from  those  calculated  from  analysis  of  the  starting  material  by 
the  pentasulphide  method  by  only  0.05%,  0.02%,  0.01%    and 
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0.01%  respectively  of  the  quantities  weighed  for  the  four  experi- 
ments made.  This  is  evidence  that  no  compound  of  arsenic  had 
been  volatilized  by  the  steam. 

Four  samples  of  the  starting  material,  when  dehydrated  at 
170°  in  a  current  of  air  containing  300mm.  pressure  of  water 
vapor  gave,  after  only  61  hours,  residues,  not  anhydrous  but  con- 
taining markedly  less  water  than  when  drier  air  was  used  for  547 
hours  at  the  same  temperature.  Here,  again,  ultimate  conver- 
sion at  250°  to  arsenic  pentoxide  showed  that  nothing  but  water 
had  been  lost. 

It  seems  not  unlikely  that  humid  air  could  be  profitably  tried 
as  a  drying  agent  for  obtaining  substances  anhydrous  for  atomic 
weight  determination. 

A  number  of  further  experiments  readily  suggest  themselves, 
and  some  of  these  have  been  already  made.  In  regard  to  the 
manner  in  which  the  small  quantities  of  water  are  retained,  how- 
ever, the  experiments  quoted  seem  sufficient  to  show: 

(1)  The  water  is  not  superficial  adsorbed  water,  for  this 
would  be  increased  and  not  decreased  in  quantity  by  using  a  high 
aqueous  tension  in  the  drying  air. 

(2)  The  water  is  not  contained  in  cavities.  Analysis  of  the 
starting  material,  3AS2O5,  5H2O,  showed  that  even  this  contains 
only  negligible  quantities  of  water  beyond  that  demanded  by 
the  formula.  In  order  that  the  anhydrous  pentoxide  should  re- 
tain 0.72%  of  included  water,  about  2  per  cent,  of  its  weight  would 
require  to  be  made  up  of  saturated  solution  of  arsenic  acid.  For 
the  purpose  of  obtaining  an  anhydrous  residue  free  from  cavity 
water,  Richards^  has  recommended  this  very  process  of  expelling 
water  of  hydration  from  a  hydrated  compound. 

(3)  It  seems  unlikely  that  the  water  could  be  present  as  water 
of  hydration  or  constitution,  for  this  would  demand  the  existence 
of  a  large  number  of  hydrates  of  compositions  such  as  I2AS2O5, 
H2O. 

(4)  The  water  may  be  present  in  solid  solution  or  otherwise 
in  the  interior  or  granules  from  which  its  escape  is  prevented 
more  or  less  effectively  by  the  presence  of  an  anhydrous  or  little 


iProc.  Am.  PhU.  iSoc,  42,  28  (1903). 
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hydrous  shell  or  rind.  It  will  be  recalled  that  Baker  and  Adlam^ 
have  shown  that  hydrated  substances  such  as  barium  chloride 
dihydrate  are  pervious  to  water  vapor,  while  anhydrous  sub- 
stances such  as  potassium  dichromate  are  not.  If  the — at  best 
very  low — degree  of  hydration  of  the  impervious  shell  is  con- 
trolled jointly  by  the  water  concentrations  within  and  without,  it 
is  evident  that  humid  air  may  desiccate  the  entire  material  fur 
ther  and  more  quickly  than  dry  air. 

This  investigation  was   carried   out  in  the   Kent   Chemical 
Laboratory  of  the  University  of  Chicago. 


ij.  Chem.  Soc.  99,  507  (1911.) 


SUR  L'OXYDATION  DE  QUELQUES  SUBSTANCES  INOR- 
GANIQUES  A  HAUTES  PRESSIONS  ET 
TEMPERATURES 

Par  Jaroslav  Milbauer 
Prague,  BoMme 

L'objet  de  mes  recherches  a  6t6  d'^tudier  Taction  de  I'oxyg^ne 
k  haute  pression  (12  atm.)  et  temperature  (480°  C.)  sur  diff^rents 
oxydes  de  m^taux  ainsi  que  sur  des  melanges  intimes  de  ces  oxy- 
des.  Les  corps  en  question  ont  ^t^  trait^s  par  I'oxyg^ne  dans 
une  bombe  en  fer  pendant  une  heure  dans  les  conditions  d6j^ 
indiqu^es. 

Voici  ce  que  j'ai  remarqu6: 

1.  Les  oxydes  de  lithium,  de  sodium  et  de  potassium  con- 

tenaient  des  peroxydes. 

2.  Les  oxydes  de  glucinium,  calcium,  zinc,  strontium  et 

de  cadmium  n'ont  pas  subi  d'alt^ration. 
8.     L'oxyde  de  baryum  s'est  tranform6  en  peroxyde  de 
baryum. 

4.  Les  oxydes  d'aluminium,  bore,  thallium,  silicium,  zir- 

conium et  d'etain  n'ont  pas  reagi. 

5.  L'oxyde  de  plomb  a  donn6  du  minium. 

6.  L'oxyde  d'antimoine  a  6t6  oxyd^  en  t^troxyde. 

7.  L'oxyde  de  bismuth  n'a  subi  aucun  changement. 

8.  Le  sesquioxyde  de  chrome  contenait  du  chromate  de 

chrome. 

9.  L'oxygene  nexerce  auoune  action  sur  les  oxydes  nor- 

maux  de  Mo,  Wo,  Ur  et  Fe. 

10.     Les  oxydes  de  cobalt  et  de  nickel  fournissaient  des  pro- 

duits    contenant    une    certaine    quantity    d'oxydes 

sup^rieurs. 

Comme  on  voit  il  n'y  a  dans  cette    ction  aucune  anomalie,  si 

I'on  fait  abstraction  de  l'oxyde  d'argent.    Je  crois,  qu'il  se  forme 

ici  un  oxyde  sup^rieure,  mais  je  ne  I'ai  pu  isoler  en  quantity 
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suflEisante.  L'oxyde  d'argent  traits  par  I'oxygene  dans  mon  ap- 
pareil  fournit  un  produit  qui  se  trouve  apres  I'ouverture  du  tube 
sur  ses  parois.  C'est  un  melange.  C'est  pourquoi  j'ai  renonce 
a  I'analyser.  En  soumettant  une  feuille  d'argent  a  une  action 
bien  plus  prolongee  j'ai  observe  une  couche  noire  qui  degageait 
du  chlore  avec  de  I'acide  chlorhydrique.  Je  me  propose  d'etudier 
cette  reaction  d'une  maniere  plus  detaillee. 

Mon  intention  6tait  aussi  d'operer  avec  d'autres  melanges 
intimes  d'oxydes,  mais  je  me  suis  borne  pour  le  moment  a  ceux 
du  sesquioxyde  de  chrome  dans  les  conditions  suivantes:  La 
pression  etait  de  12  atmospheres  et  la  temperature  de  460°  C. 
pendant  60  minutes. 

Je  resume  les  resultats  de  mes  recherches  en  ce  tableau : 


M61ange 

Couleur  avant  le 

Couleur  aprSs  le 

Analyse 

traitement 

traitement 

Ag20:Cr(OH)3 

Brun-verddtre 

Brun-rougeatre  100.0  %Ag2Cr04 

BeC03:Cr(OH)3 

Vert  pale 

Jaune-verd^tre 

8.5%Be2Cr04 

Mg(OH)2:Cr(OH)3 

Gris-verdatre 

Jaune 

82.7%MgCr04 

CaC03:Cr(OH)3 

Gris-verditre 

Jaune-verdatre 

56.9%CaCR04 

Zn(OH)2:Cr(OH)3 

Gris-verdatre 

Jaune-brunatre 

72.0%ZnCrO4 

SrC03:Cr(OH)3 

Gris-verditre 

Jaune-brun4tre 

63.0%SrCrO4 

Cd(OH)2:CR(OH)3 

Vert  p&le 

Jaune 

66.9%CdCr04 

BaC03:Cr(OH)3 

Vert  pdle 

Jaune-brunatre 

52.8%BaCr04 

Zr(OH)4Cr(OH)3 

Vert  Pdle 

Jaune-brunatre  La  substance  con- 

tenait  L9%  d'ox- 

ygfene  actif. 

Ce(OH)x:  Cr(0H)3 

Jaune  brun^tre 

Brun  violet 

La  substance  ne 
subit  a  u  c  u  n 
changement. 

PbC03:Cr(OH)3 

Vert 

Jaune 

100.0  %PbCrO^ 

Sb203:Cr(OH)3 

Vert 

Brun  vert 

La  substance  con- 
tenait  0.8%  d'oxy- 
gene  actif. 

Bi203:Cr(OH)3 

Vert 

Brun  vert 

6.3%   (BiO)2  Cr04 

Cr(0H)3 

Vert 

Noir 

La  substance  con- 
tenait  1.4%  d'oxy- 
gene  actif. 

Mn(0H)x:Cr(0H)3 

Brun.    La    sub 

- 

La  substance  con- 

stance  conten 

- 

tenait  9.6%  d'ox- 

ait  6.5%  d'ox 

-Noir 

ygene  actif. 

ygene  actif . 

2Fe(OH)3:Cr(OH)3 

Jaune  brun^tre  Rouge  brun 

La  substance  con- 

tenait  1.2%  d'oxy- 

gene  actif. 
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Ni(0H)2:  Cr(0H)3  Vert  Brun  La  substance  con- 

tenait  4.8%  d'oxy 
gene  actif. 

Cu(OH)2:Cr(OH)2  Vert  Rouge  brun        5.3%  Cu-CrO^ 

Tous  ces  melanges,  exepte  celui  de  Ce(OH)x:  Cr(0H)3 
absorbaient  de  I'oxygene  et  fournissaient  des  chromates.  Dans 
le  deuxieme  groupe  du  systeme  periodique  des  elements,  la  quan- 
tite  d'oxygene  absorbee  diminue  en  raison  inverse  du  pois  atom- 
ique,  a  partir  du  magnesium  jusqu'au  baryum.  Les  chromates 
d'argent  et  de  plomb  se  forme  tres  facilement.  On  peut  utiliser 
cette  reaction  pour  la  fabrication  de  couleurs  minerales  de  chrome 
et  de  dels  de  I'acide  chromique,  comme  par  exemple  du  chromate 
de  magnesium,  qui  peut  remplacer  dans  bien  de  cas  les  chromates 
alcalins.  Avant  de  finir  je  fais  encore  remarquer  que  j'ai  demand^ 
des  brevets  pour  cette  methode. 

Le  present  travail  a  ete  execute  dans  le  laboratoire  de  I'Ecole 
polytechnique  tcheque  de  Prague. 


L'INDUSTRIE    DU    NITRATE    DE    SOUDE    AU    CHILI 

Par  Prof.  Belisario  Diaz  Ossa 

Santiago,  Chile 

Pendant  de  longues  annees,  I'industrie  salpetriere  chilienne 
est  rest6e  stationnaire  dans  son  d^veloppement  technique,  seule- 
ment  ces  derniers  temps  ont  apparu  des  signes  certains  d'une 
Evolution,  qui  marquera  une  6tape  notable  dans  la  transformation 
des  proc^d^s  employes. 

L'union  des  industriels  nitratiers,  ayant  pour  seul  but  de 
maintenir  I'azote  du  nitrate  de  soude,  k  un  prix  de  vente  tr^s 
elev6,  a  empech^  I'^tude  et  la  transformation  de  la  technique, 
car  les  methodes  d' Elaboration  du  nitrate  n'Etaient  que  d'une 
importance  secondaire;  le  prix  Etant  tres  r^num^rateur,  les 
industriels  n'avaient  aucun  int^ret  k  changer  les  procedes  connus. 

Ayant  pris  fin,  le  pacte  qui  liait  entre  eux  les  industriels 
nitratiers,  le  prix  de  vente  du  nitrate  tomba,  et  alors,  la  lutte 
Eclata  pour  produire  au  prix  le  plus  bas.  Les  facteurs,  plus 
importants,  de  cette  Evolution,  ont  etE:  le  prix  de  vente  dEcrois- 
sant  de  I'azote,  et  les  exigences  toujours  plus  grandes  de  la  main 
d'oeuvre. 

La  premiere  partie  de  revolution,  fut  la  mEcanisation  de  la 
plupart  des  operations;  toutes  les  usines  "  ofidnas  "  ont  perfec- 
tionnE:  leurs  moyens  de  manutention  mEcanique,  la  production 
de  I'Energie  dont  elles  ont  besoin,  ont  amEliorE  le  rendement  des 
gEnErateurs  de  vapeur,  introduit  le  petrole  comme  combustible 
et  electrifiE  tons  leurs  services. 

La  derni^re  partie  de  cette  evolution,  touche  directement  aux 
mEthodes  employes  pour  ^laborer  le  nitrate,  elles  se  trouvent 
actuellement  en  plein  dEveloppement.  II  faut  citer  surtout  les 
resultats  obtenus  de  I'Evaporation  des  dissolutions  du  nitrate  en 
appareils  spEciaux. 

La  prEsente  Etude  a  pour  objet  de  donner  une  idEe  de  I'Etat 
actuel  de  I'industriel  chilienne  de  I'azote  et  de  faire  connaltre  les 
nouvelles  voies  ouvertes  k  sa  technique. 
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Le  developpement  de  I'industrie  du  nitrate  de  soude  a  com- 
mence en  1830,  epoque  a  laquelle  les  premiers  chargements  de 
nitrate  ont  ete  exportes  en  Europe.  Ce  developpement  a  6te 
progressif  et  relativement  lent;  pourtant  ces  dernieres  annees, 
I'exportation  a  atteint  un  chiffre  eleve;  il  a  ete,  en  1911  de  2,487,- 
000  Tonnes,  correspondant  environ  k  350,000  Tonnes  d'azote, 
alors  que  le  meme  annee  la  production  de  sulfate  d'ammoniaque, 
I'engrais  azote  artificiel  plus  repandu  correspond  seulement  h 
250,000  Tonnes  d'azote. 

La  valeur  commerciale  du  produit  exporte  en  1911  atteint 
600,000,000  de  francs,  sur  lesquels  mon  pays  a  preleve  comme 
droit  d'exportation,  la  somme  de  160,000,000  de  francs. 

L'industrie  du  salpetre  donne,  en  outre,  comme  sous  produits, 
I'iode  dont  on  exporte  500,000  Kgs,  d'une  valeur  commerciale 
de  10,000,000  de  franc,  le  perchlorate  de  potasse,  le  chlorure  de 
sodium,  etc. 

Cette  Industrie  a  une  importance  particuliere,  a  cause  de  la 
region  du  monde  ou  elle  se  trouve  situee:  en  plein  desert,  sans 
aucune  vegetation,  presque  sans  eau,  loin  des  ressources  n^ces- 
saires  a  la  vie.  II  a  fallu  tout  creer,  et  porter  a  de  longues  dis- 
tances tous  les  objets  de  consommation:  le  charbon,  I'eau,  les 
aliments  pour  les  hommes,  le  fourrage  pour  les  animaux,  etc. 

Le  developpement  progressif  de  l'industrie  a  fait  s'elever  autour 
d'elle  des  villes  importantes  et  nombreuses:  Iquique,  Antofa- 
gasta,  Taltal,  Tocopilla,  pour  ne  citer  que  les  principales;  on  a 
construit  et  on  construit  encore  des  chemins  de  fer  et  des  moyens 
d'embarquement,  le  tout  a  grands  frais  pour  assurer  un  facile 
transport  aux  produits  de  la  region,  ainsi  qu'aux  articles  de  con- 
sommation dont  elle  a  besoin.  On  a  ainsi  cree  de  toutes  pieces, 
une  zone  qui  vit  exclusivement  de  l'industrie  du  nitrate. 

II  existe  aujourd'hui  160  usines,  en  travail,  qui  occupent  plus 
de  43,000  ouvriers  et  consomment  annuellement  environ  600,- 
000  tonnes  de  charbon;  la  region  du  nitrate  consomme  d'enormes 
quantites  de  produits  alimentaires,  conserves  et  autres,  puisqu'elle 
comprend,  en  tout,  plus  de  170,000  habitants. 

La  region  salpetriere  s'etend  depuis  le  parallele  19°  30'.  Sud 
jusqu'au  parallele  26°,  formant  une  bande  etroite  h  environ  70 
Kilom.  de  la  cote  de  I'Ocean  Pacifique  et  a  une  altitude  moyenne 
de  900  metres  au  dessus  du  niveau  de  la  mer  (fig.  1). 
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La  formation  la  plus  caracteristique  se  trouve  dans  la  section 
Taeapaca  ;  on  pent  se  donner  une  id^e  de  cette  region  par  la 
coupe  representee  (figure  2). 


La  region  salp^tri^re  est  form^e  1^  de  diverses  parties  bien 
distinctes:  la  Cordill^re  de  la  C6te,  qui  borde  rOc^an  Pacifique 
et  se  pr6sente  en  certains  points  comme  une  muraille  k  pic  comme 
k  Caleta  Buena  et  Junin,  oil  I'on  a  du  etablir  des  plans  inclines 
rachetant  des  differences  de  niveau  de  700  metres;  vient  ensuite 
la  valine  longitudinale,  appelee  Pampa  du  Tamarugal,  puis  les 
contreforts  de  la  Cordillere  des  Andes,  et  enfin,  cette  meme 
Cordill^re  et  les  Hants  Plateaux. 

La  region  salpetriere  se  trouve  sur  le  versant  interieur,  versant 
oriental,  de  la  Cordillere  de  la  Cote. 

Plus  au  Sud,  la  valiee  longitudinale  disparait  et  est  remplacee 
par  des  valiees  transversales  qui  vont  de  la  Cordillere  k  TOcean 
et  dans  lesquelles  se  presente  aussi  la  formation  salpetriere. 

La  region  du  nitrate,  ou  il  ne  pleut  jamais,  est  soumise  k  des 
vents  constants  pendant  certaines  saisons  et  k  certaines  heures  du 
jour;  k  la  tombee  de  la  nuit,  il  se  forme  des  brouillards  epais, 
accompagnes  de  phenomenes  eiectriques  parfaitement  sensibles; 
le  terrain  est  radioactif  k  un  tr^s  haut  degre. 

Le  manque  de  toutes  ressources  et  surtout  d'eau,  ainsi  que  la 
difiiculte  des  communications  n'ont  pas  permis,  jusqu'^  present, 
une  exploration  systematique  au  point  devuegeologique  et  geog- 
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raphique;  on  ne  connalt  que  les  points  les  plus  accessibles.  C'est 
pour  cela  qu'on  ne  pent  d^crire  les  gisements  dans  leur  ensemble, 
ni  d^duire  les  lois  g^n^rales  de  leur  formation. 

Lorsqu'on  aura  termini  le  chemin  de  fer  longitudinal  Nord 
actuellement  en  construction,  il  sera  plus  facile  de  faire  ces 
etudes  et  notre  Gouvernement,  qui  ne  neglige  rien  k  ce  point  de 
rue,  pourra  les  faire  effectuer  dans  de  meilleurs  conditions 
qu'aujourd'hui. 

De  toute  fagon,  il  a  6t6  d^montr^  que,  rien  que  dans  la  partie 
d^j^  connue,  il  existe  une  quantity  de  nitrate  sufiisante  k  la  con- 
iommation  actuelle  pendant  un  siScle. 

Le  nitrate  se  pr^sente  sous  les  formes  suivantes: 

Couches,  impregnations  et  efflorescences,  et  remplissage  do 
cavit^s  dans  le  calcaire. 

On  exploite  actuellement  les  couches,  h  I'exclusion  des  autres 
modes  de  gisement. 

Une  couche  contenant  du  nitrate  est  form^e  par  les  assises 
indiqu^es  dans  la  figure  3. 
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La  chuca  se  compose  de  morceaux  de  quartz  avec  des  sulfates 
anhydres  de  soude  et  de  chaux;  la  costra  contient  d6j^  du  nitrate, 
mais  en  moindre  proportion  que  I'assise  appel^e  "  caliche;  "  elle 
atteint  quelquefois  18%  et  sa  composition  est  analogue  h  celle  de 
la  troisieme  couche. 

Sous  le  nom  de  caliche  on  ddsigne  aussi  bien  le  mineral  que 
I'assise  qui  Id  contient;  celle-ci  est  formes  d©  mati^res  insolubles, 
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sable,  pierres,  argile,  agglomerees  par  un  ciment  de  sels,  formant 
ainsi  un  ensemble  tres  dur. 

Le  caliche  se  presente  sous  di verses  couleurs,  blanc,  jaune,  gris 
fonce,  bleu,  violet;  sa  cassure  est  saccharoide  sa  density  voisine 
de  deux;  la  saveur  est  fraiche. 

Sa  composition  en  est  tres  variable,  ainsi  que  son  epaisseur. 

Le  caliche  contient:  nitrate,  chlorure  et  sulfate  de  sodium 
comme  elements  principaux,  et  comme  elements  secondaires; 
chlorure  de  potassium,  sulfate  et  nitrate  de  calcium,  chlorure, 
sulfate  et  nitrate  de  magnesium.  On  y  rencontre  aussi  de  I'iodate 
de  sodium,  le  nitro-sulfate  de  sodium  ou  darapskite,  I'iodate  de 
calcium  ou  lautarite,  I'iodo-chromate  de  calcium  ou  dietzeite. 

L'analyse  de  deux  echantillons  de  caliche  et  d'un  autre  de 
costra  a  donn6: 


Caliche 

Costr 

Nitrate  de  soude 

36 

35 

17 

Chlorure  de  sodium 

32 

6 

2 

Sulfate  de  sodium 

8 

2 

72 

Insolubles 

14 

50 

1 

Sulfate  de  chaux 

8 

2 

2 

Autres  sels 

2 

5 

6 

Comme  regie  generale,  on  pent  dire  que  les  caliches  de  la  region 
du  Nord,  ou  de  Tarapaca,  contiennent  plus  de  chlorure  de  sodium 
que  de  sulfate,  a  mesure  que  Ton  s'avance  vers  le  Sud,  le  chlorure 
est  remplace  par  du  sulfate,  au  point  que  les  caliches  de  Taltal, 
le  district  le  plus  au  Sud,  contiennent  plus  de  sulfate  que  le 
chlorure. 

Les  autres  couches  qui  se  trouvent  sous  le  caliche  ont  peu 
d'importance;  c'est  le  congelo,  oii  dominent  les  chlorures  et  les 
sulfates,  et  la  coha,  formee  de  terre,  de  pierres  et  de  tres  peu  de 
sels. 

Les  diverses  assises  reposent  sur  le  terrain  primitif,  c'est  a 
dire  sur  les  roches  de  la  Cordillere,  dont  la  nature  ne  paratt  avoir 
aucune  importance  quant  a  la  formation  des  depots  de  nitrate. 

Dans  le  nord  (Tarapaca),  les  couches  de  caliche  se  presentent 
sur  le  versant  oriental  ou  interieur  de  la  Cordillere  de  la  Cote,  sur 
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les  petites  elevations,  a  pente  douce,  qui  bordent  la  vallee  Ion 
gitudinale.     On  trouve  dans  les  parties  les  plus  basses  de  cette 
vallee  d'autres  depots  appeles  salares  (figure  4),  qui  se  composent- 
presque  exclusivement  de  sel  commun  avec  efflorescences  de 
nitrate. 


Dans  d'autres  regions,  plus  au  Sud  (Antofagasta)  les  couches 
se  presentent  dans  la  partie  la  plus  basse  de  la  vallee  transversale, 
et  encore  plus  au  Sud,  a  Taltal,  on  a  trouve  des  depots  de  nitrate 
j  usque  dans  la  partie  la  plus  haute  des  montagnes,  a  3000  metres 
d'altitude. 

On  a  formule  plusieurs  theories  pour  expliquer  la  formation 
des  depots  chiliens;  toutes  ont  le  defaut  de  ne  pas  etre  generales, 
car  elles  ont  ete  presentees  au  fur  et  a  mesure  que  Ton  connaissait 
des  regions  nouvelles.  Aucune  d'elles  n'est  aujourd'hui  satis- 
faisante;  ce  n'est  que  lorsqu'on  aura  fait  une  etude  complete, 
geographique  et  geologique,  de  toutes  les  zones  du  nitrate  que 
I'on  pourra  chercher  une  thdorie  qui  explique  sa  formation. 

Noellner  et  Darwin  admettent  que  I'azote  du  caliche  provient 

des  algues  marines;  Miintz  et  Plagemann  croient  k  la  nitrification 

microbienne;  Ochsenius  attribue  la  presence  de  I'azote  au  guano, 
13 
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dont  il  existe  de  grands  depots  le  long  de  la  cote  de  I'Ocean 
Pacifique;  Williams,  Pissis  et  Sundt  soutiennent  I'origine  atmos- 
pherique,  soit  Tunion  de  I'azote  et  de  I'oxygene  de  Fair  sous  I'in- 
fluence  des  d^charges  electriques. 

La  formation  actuelle  de  nitrate,  que  Ton  constate  au  fond  des 
salares  s'explique  facilement  par  I'entrainement  du  nitrate  des 
couches  situees  a  flanc  de  coteau  par  I'eau  condensee  des  brouil- 
lards;  la  dissolution  se  serait  evaporee  et,  par  capillarity,  le  nitrate 
serait  monte  a  la  surface  du  salare  pour  former  des  efflorescences ; 
voir  la  figure  4. 

Pour  reconnattre,  en  vue  de  son  exploitation  future,  un  ter- 
rain k  nitrate,  on  fait  des  trous,  de  distance  en  distance,  a  50  ou 
100  metres  les  uns  des  autres,  et  on  determine  ainsi  Tepaisseur 
et  la  qualite  de  la  couche  de  caliche. 

Pour  preparer  Texploitation,  on  elargit  le  fond  du  trou,  on  y 
verse  une  quantite  suffisante  de  poudre  au  nitrate  de  soude  et 
on  fait  detoner  (figure  5),  Les  ouvriers,  au  moyen  de  marteaux 
et  d'outils  en  acier,  brisent  les  morceaux  de  roche;  ils  forment 
ainsi  une  tranch^e  qui  leur  permet  ensuite  d'extraire  le  mineral, 
en  ayant  soin  de  laisser  le  sterile  en  has  et  de  reunir  dans  la  partie 
superieure  le  caliche  a  traiter. 


Kd^.^5 


TerrAi'n  'ivaIutcI 


Uuht   f.1.} ilisa.lt lit. 


L'ouvrier  chilien  reconnait  a  simple  vue  le  terrain  salpetrier 
de  bonne  ou  mauvaise  quality  et  il  se  rend  un  compte  exact  de  la 
teneur  du  caliche;  s'il  a  un  doute,  il  jette  quelques  morceaux  de 
caliche  moulu  sur  une  m^che  allumee  et  il  juge  de  la  teneur  h.  la 
rapidite  et  a  I'intensite  de  la  deflagration. 


II 


Congress   of  Applied  Chemistry 


195 


Le  caliche  est  transporte  k  I'usine  soit  dans  des  charrettes,  soit 
au  moyen  d'une  petite  voie  ferree. 
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Le  travail  est  fait  k  la  t4che,  et  les  ouvriers  sont  pay^s  suivant 
le  nombre  de  charrettes  ou  de  wagonnets;  on  tient  compte 
^galement  de  la  teneur  du  caliche,  de  I'epaisseur  de  la  couche 
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utile,  de  la  profondeur  a  laquelle  elle  se  trouve  et  de  la  facilite 
plus  ou  moins  grande  a  reconnattre  le  caliche  des  autres  elements. 

Rarement,  il  est  possible  de  faire  avancer  la  tranch^e  parall  ele- 
ment a  elle-meme;  elle  suit  toujours  la  forme  des  couches.  Les 
tranchees  s'ouvrent  d'habitude  dans  la  partie  la  plus  haute  du 
terrain,  en  vue  de  faciliter  le  transport  des  matieres  extraites; 
elles  progressent  jusqu'a  atteindre  la  partie  la  plus  basse. 

L'organisation  du  travail  et  I'etablissement  d'un  plan  d'ex- 
pioitation  sont  d'une  tr^s  grande  importance  pour  I'obtention 
d'un  bon  r^sultat  economique.  II  faut  tenir  compte  de  trois 
facteurs  principaux  pour  obtenir  un  bon  rendement:  la  teneur 
moyenne  du  caliche  exploite,  le  prix  de  revient  de  I'extraction,  et 
le  cout  moyen  du  transport. 

Le  caliche  est  transports  a  I'usine  et  dScharge  sur  le  plan 
incline  de  la  machine,  d'ou  il  tombe  diirectement  dans  les  concas- 
seurs  qui  le  reduisent  en  morceaux;  quelquefois  on  les  fait  passer 
ensuite  entre  des  cylindres  afin  de  rendre  leur  grosseur  uniforme. 
Au  moyen  d'appareils  appropries,  transporteurs  ou  elevateurs, 
le  caliche  broye  est  conduit  aux  appareils  de  traitement,  ou  le 
nitrate  sera  separe  des  autres  sels  et  de  la  matiere  insoluble. 

La  separation  de  la  matiere  insoluble,  du  chlorure  et  du  sulfate 
de  chaux  s'effectue  au  moyen  d'un  lessivage  a  I'eau. 

D'apres  les  courbes  de  solubilite  (figure  6)  on  voit  que  le  coeffici- 
ent de  solubilite  du  nitrate  de  soude  augmente  considerable- 
ment  avec  la  temperature,  tandis  que  celui  du  chlorure  reste 
presque  fixe  et  que  celui  du  sulfate  diminue. 

II  suffirait  done  pour  obtenir  une  dissolution  saturee  de  nitrate 
de  faire  la  solution  a  la  plus  haute  temperature  possible  entre 
110°  et  120°  centigrades  pour  que,  par  refroidissement,  le  nitrate 
seul  cristallise. 

Dans  la  pratique,  les  phenomenes  ne  se  passent  pas  exacte- 
ment  comme  la  theorie  I'indique,  et  cela  pour  plusieurs  raisons. 

La  faible  teneur  de  caliche  en  nitrate  empeche  de  pouvoir  le 
traiter  par  la  quantite  d'eau  exactement  necessaire,  car  il  se 
formerait  une  boue  argileuse  qu'il  serait  impossible  de  decanter; 
il  est  des  lors  necessaire  d'employer  un  exces  d'eau. 

L'influence  perturbatrice  des  divers  sels  les  uns  sur  les  autres, 
est  cause  que  les  courbes  de  dissolution  ne  sont  pas  les  memes  que 
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lorsqu'il  s'agit  de  matieres  pures.  Si  Ton  etablit  les  courbes  de 
solubilite  experimentalement,  en  operant  sur  des  dissolutions  de 
caliche,  on  observe  de  nombreux  points  d'inflexion,  causes  sans 
doute  par  la  formation,  au  sein  du  liquide,  de  sels  et  d'hydrates 
complexes. 

Enfin  I'evaporation  continue  du  liquide  pendant  tout  le  ti*aite- 
ment,  fait  qu'il  se  depose  non  seulement  du  nitrate,  mais  encore 
du  chlorure  et  du  sulfate  au  moment  de  la  cristallisation. 

Pour  remedier  en  partie  a  ces  inconvenients,  on  a  eu  recours 
au  systeme  de  lessivage  methodique  de  Shanks,  modifie  con- 
venablement  par  Humberstone.  Dans  ce  systeme,  les  liquides 
suivent  une  marche  a  travers  une  serie  de  bacs — generalement 
six — en  etant,  chaque  fois,  en  contact  avec  des  matieres  differ- 
entes  a  epuiser.  Les  liquides  circulent  par  gravite,  les  dissolu- 
tions les  plus  concentrees,  sont  deplacees  par  les  moins  denses; 
les  liquides  les  plus  dilues  sont  en  contact  avec  la  matiere  la  plus 
epuis^e,  et  le  liquide  le  plus  concentre  avec  celle  qui  vient  d'etre 
chargee;  en  chauffant  convenablement  les  bacs,  on  obtient  apres 
quatre  passages  une  liqueur  concentree  a  110°. 
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Les  bacs  sont  de  grands  recipients  rectangulaires  de  2  m  x  2  m 
50  X  10  m,  unis  entre  eux  par  des  siphons  de  trans vasement. 
Comme  on  le  voit  sur  la  figure  7,  chaque  recipient  a  3  siphons, 
un  de  transvasement  lateral,  un  autre  de  transvasement  exteri- 
eur,  et  enfin  un  siphon  de  sortie;  les  bacs  ont  deux  portes  de 
decharge,  une  sortie  inferieure  du  liquide,  un  faux  fond  perfore 
sur  lequel  reposent  les  matieres  a  epuiser,  et  enfin  les  serpentins 
de  vapeur  pour  le  chauffage. 

Avec  un  systeme  de  6  recipients  ou  "  cachuchos,"  on  en  a 
quatre  en  service,  un  autre  en  chargement  ou  pret  au  trans- 
vasement, et  enfin  le  dernier  au  lavage  ou  en  dechargement. 

La  dissolution  est  controlee  au  moyen  du  densimetre  et  du 
thermometre,  en  suivant  des  tables  dress6es  par  chaque  usine; 
lorsque  le  liquide  possede  la  concentration  necessaire,  on  le 
retire  par  le  siphon  de  sortie,  en  ajoutant,  comme  dans  I'opera- 
tion  de  transvasement,  de  I'eau  dans  le  bac  de  queue,  et  en  ces- 
sant  imm^diatement  le  chauffage;  de  cette  maniere,  on  lave  le 
caliche  ^puise,  et  le  liquide  recupere  une  partie  de  la  chaleur. 

Une  fois  que  Ton  a  extrait  le  liquide  des  recipients  et  fait  le 
transvasement  au  recipient  suivant,  le  recipient  de  queue  est 
retire  de  la  circulation,  on  le  vide  par  la  partie  inferieure,  et  on 
le  lave  deux  ou  trois  fois  avec  de  I'eau  qui  ne  contient  pas  encore 
de  sels  en  dissolution. 

Les  eaux  de  la  base,  "  relaves  "  sont  envoy ees  dans  des  reser- 
voirs speciaux,  et  sont  utilisees  pour  compenser  les  pertes  d'eau 
qui  se  produisent  dans  le  systeme. 

Les  liquides  concentres  chauds  sont,  tout  d'abord  d^cantes 
pendant  10  minutes;  bien  que  la  circulation  des  liquides  soit  tr^s 
lente,  une  partie  de  I'argile  est  mise  en  suspension  et  ne  se  depose 
pas  facilement. 

Dans  les  bacs  de  decantation  appel^s  "  chulladores,"  les 
dissolutions  sursaturees  specialement  en  chlorure  de  sodium 
s'^quilibrent  et  laissent  deposer  ces  sels. 

Des  bacs  de  decantation,  le  liquide  passe  aux  cristallisoirs, 
lesquels  ont  une  grande  surface  et  une  faible  profondeur;  la  sur- 
face est  de  20  a  25  metres  carr^s  et  le  fond  qui  est  incline  est  k 
une  profondeur  qui  varie  entre  2  et  3  metres. 

Les  cristallisoirs  ou  "  bateas  "  sont  places  comme  on  peut  le 
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voir  figure  8;  le  plan  incline  qui  est  situe  a  cote  d'eux  sert  k 
I'egouttage  et  au  sechage  du  salpetre  cristallise.  Comme  la 
cristallization  exige  quelques  jours,  une  partie  du  liquide  s'evap- 
ore  avec  precipitation  des  sels  qu'il  dissolvait;  on  obtient  finale- 
ment  un  produit  qui  contient  95  a  96%  de  nitrate,  2%  d'humid- 
it^,  1  a  3%  de  chlorure,  et  0,5  a  1%  de  sulfate  et  autres  sels. 

A  la  suite  des  cristallisoirs  se  trouvent  des  estacades  pour 
decharger  le  nitrate  et  des  aires  pour  le  laisser  secher. 


Kv.  t 
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L'ensemble  des  appareils  qui  constitue  une  usine  nitratidre 
est  representee  par  la  figure  9.  On  voit  qu'il  est  besoin  de  plans 
disposes  en  gradin,  disposition  qu'il  n'est  pas  souvent  facile 
d'obtenir  par  le  niveau  du  terrain;  pour  vaincre  ces  differences 
de  niveau,  on  a  recours  aux  engins  m^caniques :  ascenseurs,  plans 
inclines,  etc. 

Les  residus  de  fabrication  ou  "  ripios  "  sont  extraits  par  la 
partie  inferieure  du  bac  de  dissolution,  et  malgre  les  lavages 
sp^ciaux,  ils  retiennent  toujours  une  proportion  de  nitrate  qui 
pent  atteindre  8%  de  leur  poids,  et  qui  provient  surtout  du 
liquide  qui  les  impregne. 

II  n'est  pas  possible  de  laver  davantage,  car  le  systeme  actuel 
de  lixiviation  ne  permet  d'employer  qu'une  certaine  quantity 
d'eau  de  circulation. 
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Pour  parer  a  cet  inconvenient,  et  pouvoir  laver  davantage  les 
residus  du  traitement  anterieur,  certaines  usines  ont  eu  recours 
a  des  appareils  evaporateurs.  Les  dissolutions  tres  faibles, 
provenant  des  lavages  plus  abondants,  sont  concentrees  dans  des 
appareils  "  ad  hoc  ";  pendant  I'ebullition  du  liquide,  il  se  depose 
une  grande  quantite  de  chlorure  de  sodium  et  une  partie  de  I'iode 
est  ainsi  raise  en  liberte  et  entrainee  par  la  vapeur  secondaire. 

La  liberation  de  I'iode,  et  la  grande  quantite  de  sel  depose  ont 
ete  les  deux  plus  grosses  difficultes  rencontrees  dans  I'evaporation 
des  liquides  provenant  de  la  dissolution  du  caliche.  Les  appareils 
ont  ete  mis  hors  d'usage  en  peu  de  temps. 
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Cependant  a  la  suite  de  ces  premiers  essais  et  en  profitant  de 
I'exp^rience  acquise,  Messieurs  les  Ing^nieurs  Grillo  et  Perrani 
ont  install^  un  nouveau  syst^me  de  traitement. 
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La  dissolution  du  caliche  se  fait  a  une  temperature  plus  basse, 
environ  80°;  les  liquides  de  teneurs  faibles  en  nitrate  apr^s 
decantation  sont  conduits  aux  evaporateurs  et  par  ebullition 
prolongee,  concentres  au  maximum  de  dissolution  en  nitrate; 
ensuite  s'opere  la  cristallization  de  la  maniere  courante: 

Les  Evaporateurs  a  simple  effet,  sont  chauff^s  directement  par 
les  chaudi^res  a  basse  pression,  et  la  vapeur  secondaire  debar- 
rassee  des  vapeurs  d'iode,  chauffe  les  bacs  de  dissolution  par 
simple  barbotage. 

L'appareil  evaporateur  utilise  par  Grillo  et  Perrani  est  reprE- 
sente  par  la  figure  No.  10. 

Avec  une  s6ne  de  six  bacs  de  dissolution,  on  pent  faire  cinq 
operations  en  24  heures,  c'est  a  dire  que  Ton  retire  cinq  fois  du 
liquide;  chaque  bac  travaille  environ  25  heures  de  suite.  La  con- 
sommation  d'eau  varie  entre  80  et  150  litres  par  100  kilogrammes 
de  nitrate  produit;  la  moyenne  de  consommation  de  charbon  de 
toutes  les  usines  est  de  25  Kilog.  par  100  Kilogs  de  nitrate. 

En  general  pour  produire  un  minimum  de  50,000  quintaux 
metriques  par  mois — production  courante  pour  une  usine — avec 
des  caliches  de  20  a  25%,  on  a  besoin  d'un  volume  de  bacs  de 
dissolution  egal  k  900  metres  cubes;  il  faut  6,000  metres  cubes  de 
bacs  de  cristallisation.  Une  usine  de  cette  capacite  coute  environ 
2,500,000  frs. ;  il  faut,  en  effet,  compter  50  frs.  par  100  kilogrammes 
de  production  annuelle. 

Avec  le  systeme  employe  jusqu'ici,  on  peut  seulement  traiter 
des  caUches  qui  ont  au  moins  18%  de  teneur  moyenne;  le  traite- 
ment  du  produit  brut  est,  en  effet,  regl6  pratiquement  par  le 
cout  du  charbon  consomme. 

Avec  des  cahches  qui  ont  50%  de  nitrate  et  pas  d'insoluble,  la 
consommation  de  charbon  ne  depasse  pas  4  Kgs  par  100  Kgs 
de  nitrate  produit;  mais  pour  la  meme  production,  des  caliches 
de  18%  consommeraient  25  Kgs  de  charbon. 

Les  pertes  de  chaleur  peuvent  etre  class6es  de  la  maniere 
suivante : 

(a)  Chaleur  resultant  de  I'Evaporation  de  I'eau. 

(b)  Chaleur  absorb^e  et  perdue  dans  les  residus. 

(c)  Chauffage  d'appareils. 

(d)  Perte  due  a  une  Elevation  de  temperature  qui  ne  cor- 
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respond  pas  a  une  meilleure  dissolution  plus  grande  du  nitrate. 

(e)     Pertes  par  radiation. 

En  analysant  ces  pertes,  on  arrive  a  la  conclusion  qu'elles 
sont  d'autant  plus  grandes  que  la  difference  de  temperature 
entre  Tatmosphere  et  le  liquide  a  la  fin  de  I'operation  est  elle- 
meme  plus  grande  et  que  le  caliche  est  plus  pauvre. 

Le  systeme  actual  d'elaboration  a  sa  repercussion  sur  le  mode 
d'extraction  du  caliche  dans  le  terrain,  car  il  oblige  a  un  triage, 
ce  qui  contribue  a  augmenter  la  depense  en  main  d'oevre  et  exige 
un  amortissement  plus  rapide  du  terrain.  C'est  pour  cette  cause 
que  le  prix  de  revient  de  I'azote  dans  le  nitrate  de  sonde  est 
aussi  61eve. 

Le  kilogramme  d'azote  dans  le  nitrate  de  soude  mis  h  bord  en 
sacs  sur  la  cote  du  Chili,  revient  au  moins  k  0,88  frs.  et  il  faut 
compter  sur  une  moyenne  de  1  fr. 

Ce  prix  de  revient  se  repartit  ainsi : 

Droits  d'exportation  41  pour  cent 

Fournitures  (sacs,  huile,  fourrages,  poudre,  etc.)  6  pour  cent 

Transport  du  produit  h  bord  et  commissions  1 1  pour  cent 

Administration  et  frais  generaux  3  pour  cent 

Main  d'oeuvre  19  pour  cent 

Charbon  11  pour  cent 

Amortissement  9  pour  cent 

Les  quatre  premiers  nombres  sont  des  variables,  ind^pendants 
de  tous  syst^mes  d'elaboration  et  d'extraction,  tr^s  difficiles  k 
reduire,  mats,  par  contre,  les  trois  derniers  sont  des  variables  qui 
dependant  absolument  du  systeme  actuel  de  travail  et  c'est  sur 
leur  valeur  que  Ton  doit  fixer  son  attention  pour  abaisser  le  prix 
de  revient.  On  doit  chercher  des  systemes  de  traitement  qui 
consomment  moins  de  charbon  et  exigent  moins  de  main-d'oeuvre. 

Le  coiit  du  kilogramme  d'azote  mis  en  Europe  est  au  minimum 
de  1  fr  10;  la  moyenne  est  d'environ  1  fr  30. 

De  cet  expose  succint  de  I'etat  actuel  de  I'industrie  des  nitrates 
au  Chili,  on  pent  deduire  facilement  que  le  jour  est  encore  loin, 
ou  les  engrais  azotes  synthetiques  pourront  avoir  sur  elle  quelque 
influence.  Bien  au  contraire,  I'industrie  chilienne  poss^de  le 
moyen  d'obtenir  un  prix  de  revient  moins  61eve,  soit  en  exploitant 
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les  terrains  encore  vierges  appartenant  k  des  particuliers  ou  a 
I'Etat,  soit  en  ameliorant  les  procedes  de  traitement  ou  encore 
en  diminuant  les  droits  d'exportation. 

Ces  trois  elements  ont  une  grande  importance  et  pris  ensemble, 
ils  pourraient  determiner  une  diminution  sensible  sur  le  prix  de 
I'azote  nitrique  avec  lequel  mon  pays  contribue  a  la  consomma- 
tion  du  monde. 

Le  developpement  de  I'industrie  nitratiere  ne  peut  que  croitre, 
car,  d'un  cote,  la  consommation  du  nitrate  mondiale,  et  par- 
ticulierement  aux  Etats  Unis,  augmente  de  jour  en  jour,  d'autre 
part,  les  nouvelles  voies  ferrees  permettent  I'exploitation  de  ter- 
rains tres  riches  qui  n'avaient  pu  etre  exploites  jusqu'a  present 
vu  leur  ^loignement  de  toutes  les  communications. 

Conclusions 

I.  Les  depots  nitratiers  chilien  sont  susceptibles  de  fournir 
toute  I'azote  necessaire  a  I'economie  mondiale  pour  plus  d'un 
siecle. 

II.  L'industrie  qui  exploite  ces  depots  peut  encore  se  develop- 
per  et  ameliorer  sa  technique. 

III.  Le  prix  actuel  de  revient  de  I'azote  dans  le  nitrate  de 
'soude,  peut  encore  etre  diminue. 


EQUILIBRES    DES    SYSTEMES  :    EAU,     AZOTITE     DE 

SOUDE   ET   EAU,   AZOTITE   DE   SOUDE, 

AZOTATE   DE   SOUDE 

Par  M.  Marcel  Oswald 
Paris,  France 

La  connaissance  precise  de  la  solubilite  des  azotites  dans  I'eau 
serait  tr^s  desirable,  a  cause  de  la  separation  des  melanges  d'azo- 
tite  et  d'azotate  par  cristallisations,  et  de  I'importance  crois- 
sante  prise  par  les  azotites  dans  les  applications  industrielles. 
Pourtant,  aucun  travail  d'ensemble  n'a  ete  public  sur  cette  ques- 
tion. 

Dans  le  cas  de  I'azotite  de  soude,  Divers^  a  donne  la  solubilite 
a  temperature  ordinaire,  soit  83,3  pour  100  d'eau  a  15°.  J'ai 
repris  cette  etude  a  toutes  les  temperatures  comprises  entre  le 
point  d'entexie  (-  15°, 5)  et  le  point  d'ebullition  de  la  solution 
saturee  sous  la  pression  atmospherique,  soit  128°  sous  761,  5  mm. 
Le  resultat  est  le  diagramme  de  la  figure  l,ou  les  solubilites  sont 
rapportees  a  100  parties  d'eau.  En  portant  en  abscisses  les  con- 
centrations de  I'azotite  dans  100  gr.  de  solution,  on  obtient  le 
diagramme  de  la  figure  1  bis;  la  portion  pointillee  de  la  courbe 
correspond  a  I'extrapolation  de  la  courbe  obtenue  jusqu'au  point 
de  fusion  de  I'azotite  (219°  d'apres  Divers.^) 

Les  equilibres  du  systeme  ternaire  eau,  azotite  et  azotate  de 
soude  sont  representes  sur  la  fig.  2.  On  a  porte  en  abscisses  les 
poids  d'azotate  et  en  ordonnees  ceux  d'azotite  dissous  dans  100 
parties  d'eau;  on  a  determine  les  isothermes  entre  0°  et  103° 
sous  la  pression  atmospherique.  La  courbe  A  B  est  le  lieu  des 
points  ou  coexistent  la  solution,  I'azotite  et  I'azotate  cristallises. 

De  ces  courbes  resultent  les  conclusions  suivantes:  1°  I'azo- 
tite de  soude  ne  donne  pas  d'hydrate  stable  en  solution;  2° 
I'azotate  et  I'azotite  ne  donnent  ni  compost  defini  ni  cristaux 
mixtes. 


iJourn.  of  Chem.  Soc,  LXXV,  1899. 
^Loc.  cit. 
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A  NEW  ALLOY  WITH  ACID  RESISTING  PROPERTIES 

By  S.  W.  Parr 

University  of  Illinois,   Urhana,  Illinois 

While  marked  advances  have  been  made  in  the  development 
of  alloys  with  properties  which  render  them  resistant  to  the  cor- 
roding influence  of  the  atmosphere,  not  so  much  study  has  been 
given  to  the  production  of  alloys  which  would  resist  the  solvent 
action  of  strong  chemicals.  This  latter  function  of  resistance  to 
chemical  action  has  been  given  over  almost  wholly  to  the  noble 
metals.  However,  there  are  certain  specific  requirements  such  as 
ordinarily  call  for  the  use  of  gold  or  platinum  where  the  quantity 
of  metal  involved  and  the  excessive  cost  of  the  same  make  its  use 
almost  prohibitive.  These  considerations  have  led  to  the  studies 
herein  described  in  which  the  effort  has  been  made  to  develop 
an  alloy  especially  resistant  to  nitric  and  sulphuric  acids. 

A  preliminary  study  was  first  made  of  certain  of  the  more  com- 
mon alloys  with  a  view  to  determining  their  relative  solubility  in 
nitric  acid.  An  arbitrary  strength  of  acid  was  chosen  which  was 
obtained  by  diluting  the  ordinary  strong  acid  of  L42  specific 
gravity  in  the  ratio  of  1  of  acid  to  3  of  water  making  approximately 
a  25%  or  4N  solution  of  HNO3.  The  alloys  employed  together 
with  their  order  of  solubility  is  shown  in  Table  1. 

Table  I.     Relative  solubility  of  metals  and  alloys  in  25%  HNO3 


Amount  dissolved  in  24  hours 

1. 

Pure  iron  99.8  pure 

100.   % 

2. 

Commercial  Aluminum 

51.4% 

3. 

Monel  metal 

19.2% 

4. 

Nichrome  Ni  90,  Cr  10 

7.9% 

5. 

Copper  Aluminum,  Cu  90,  Al  10 

(79)        (20)              1 

3.5% 

6. 

Nickel  chrome  aluminum 

1.3% 

7. 

Ferro  Silicon 

14                                                       209 

.1% 
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The  tests  in  Table  I  were  based  on  the  per  cent,  dissolved  in  24 
hours  at  room  temperature.  They  are  of  value  only  as  they  show 
relative  solubilities.  Test  pieces  were  used  of  approximately  the 
same  superficial  area.  The  amounts  dissolved  expressed  as  per- 
centages are  sufficiently  accurate  for  comparison.  The  range  of 
solubilities  varies  widely  being  from  100.  to  0.1  per  cent. 

The  last  two  items  on  the  list  suggest  the  possibility  of  carry- 
ing the  series  further.  Because  of  its  physical  characteristics  of 
brittleness,  lack  of  working  qualities,  etc.,  the  last  number,  ferro 
silicon,  was  not  selected  as  affording  an  encouraging  basis  for 
experimentation.  The  next  to  the  last  number  however,  the 
nickel  chrome  compound  with  a  small  amount  of  aluminum  was 
selected  as  a  suitable  type  for  further  study,  A  series  of  six 
mixtures  was  arranged  as  in  Table  II  wherein  it  was  sought  to 
determine  the  effect  of  the  introduction  of  copper.  Some  such 
modifying  element  seemed  necessary  for  the  reason  that  the  value 
of  No.  6  in  Table  No.  1  was  nullified  to  a  large  extent  by  reason  of 
the  difficulty  experienced  in  casting  that  material  free  from  flaws. 
The  melting  point  of  the  mixture  was  extremely  high,  approxi- 
mately 1500°,  and  it  was  thought  that  by  the  introduction  of  a 
metal  of  lower  melting  point  a  product  would  be  obtained  which 
would  flow  more  freely  and  solidify  without  blow  holes.  The 
series  arranged,  therefore,  was  a  nickel-copper-chrome  combina- 
tion with  decreasing  amounts  of  copper  and  increasing  percent- 
ages of  chrominum  as  shown  in  Table  II. 


Table 

No 

..  II 

Series  No. 

1 

2 

3 

4 

5 

6 

Ni 

65 

80 

80 

80 

75 

70 

Cu 

30 

10 

5 

5 

5 

10 

Cr 

5 

10 

10 

15 

20 

20 

Soluble  in 

25%   1 

1    easily 

HNO3-24  hours  j    soluble  1.25%  .02%    .05%       .013%    .023% 

The  interesting  fact  developed  in  this  series  was  the  degree  of 
resistance  that  could  be  attained  with  considerable  quantities  of 
copper  present.  Nos.  3  and  6  were  substantially  of  the  same 
resistivity  but  No.  3  was  more  sluggish  in  pouring.    Very  little 
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difference  could  be  detected  between  Nos.  5  and  6,  hence  the  latter 
was  taken  as  a  basis  for  further  experiments.  It  was  evident 
from  the  impossibility  of  securing  perfect  cast  material  from  No. 
6  that  a  study  must  be  made  of  purging  agents  to  clear  the  bath 
of  oxides  and  dissolved  gases.  Aluminum  could  be  used  to  advan- 
tage in  this  regard  while  at  the  same  time  the  resistance  to  the 
acids  was  shghtly  increased.  Tungsten  was  a  slight  further  aid 
and  manganese  up  to  an  amount  equaling  1  per  cent,  did  not 
appreciably  augment  the  solubility  factor.  Other  deoxidizers 
and  denitrifiers  in  various  forms  were  used  such  as  boron,  silicon, 
titanium  and  vanadium.  The  effect  of  the  last  one,  seemingly, 
to  increase  the  solubility.  The  others  in  fractional  percentages, 
were  effective  both  in  improving  the  resistivity  and  the  texture 
as  well.  The  average  range  of  values  employed  was  approxi- 
mately as  follows: 

Alloy 


Table  III. 

Showing    Composition    of    Acid    Resistant 

Ni 

66.6 

Cr 

18. 

Cu 

8.5 

W 

3.3 

Al 

2.0 

Mn 

1.0 

Ti 

.2 

B 

.2 

Si 

.2 

100.0 

Not  all  of  the  difficulties  of  casting  the  material  have  been  elimi- 
nated by  any  means.  In  proportion  as  the  texture  and  soundness 
have  been  improved  upon,  the  difficulties  connected  with  casting 
the  material  have  increased.  The  contraction  of  the  metal  at 
the  moment  of  solidification  is  very  pronounced  and  shrinkage 
cracks  are  very  Ukely  to  occur.  However,  these  difficulties  are 
chiefly  physical  and  mechanical  and  in  each  specific  condition  they 
can  doubtless  be  finally  overcome.  The  alloy  draws  into  wire  and 
spins  readily  and  may  have  numerous  interesting  applications. 
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As  a  method  for  more  precisely  measuring  the  acid  resistance  of 
the  material,  test  pieces  were  prepared  having  an  easily  deter- 
mined superficial  area.  These  pieces  were  subjected  to  4N  HNO3 
and  in  mixtures  of  nitric  and  sulphuric  acids  of  similar  concen- 
tration, for  24  hours  at  room  temperature.  The  loss  in  weight 
was  calculated  to  a  unit  area  of  100  square  c.  m.  per  hour.  The 
comparative  values  are  given  in  Table  IV. 

Table  IV.     Showing  Loss  in  Milligrams  per  100  Square  Centi- 
meters per  Hour. 


No.  of 
Melt 

4N  HNO3 

4N  H2SO4 

4N  HCl 

1  Vol.  4N  HNO3 

2  Vol.  4N  H2SO4 

23 

0.03  m. 
0.03 
0.50 
0.06 

g- 

0.79 

m.  g. 

1.95 

m.  g. 

1 .  95  m.  g. 
1.98 

25 

0.19 
0.08 

0.0 
0.17 

40 

0.4 
0.3 

0.09 
0.10 

1.00 

54        0.3  0.8 

60        0.2  4.8 

5.2 


0 

2 

0 

4 

2 

0 

1 

85 

64        2.0  0.3 

0.2 

The  various  melts  differed  slightly  in  composition,  the  attempt 
being  made  to  determine  the  limits  of  certain  ingredients  espe- 
cially manganese,  copper  and  aluminum.  The  best  results  were 
obtained  with  compositions  conforming  most  nearly  to  the 
values  given  in  Table  No.  III.  The  solubility  in  sulphuric  acid 
was  found  to  be  as  a  rule  no  greater  than  in  nitric  acid,  hence, 


cz>> 


m 


Fig.   1. 
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the  solubility  tests  were  made  on  mixtures  of  the  two  instead  of 
upon  the  sulphuric  acid  alone.  Very  few  tests  on  hydrochloric 
acid  were  made.  As  a  rule  the  solubility  of  this  type  of  alloy  is 
considerably  greater  in  hydrochloric  acid  than  in  nitric  or  sulphur- 
ic acids.  Indeed,  a  study  of  the  various  properties  of  the  material 
up  to  the  present  time  has  been  preliminary  and  largely  qualita- 
tive. The  detailed  examination  on  structure,  solubilities,  physical 
and  electrolytic  properties  has  been  deferred  until  a  practicable 
or  workable  alloy  could  be  obtained.  This  has  now  been  accom- 
plished in  a  very  satisfactory  manner  and  further  work  as  above 
indicated  will  be  continued.  As  illustrating  the  practical  value 
of  the  alloy  a  calorimeter  bomb  was  constructed  and  has  already 
served  for  heat  determinations  upon  an  extended  series  consisting 
of  sugar,  benzoic  acid,  ethyl-benzene  and  coals.  The  pressures 
employed  have  ranged  from  25  to  50  atmospheres  and  charges 
of  material  up  to  1^  grams  have  been  used.  The  results  are  all 
that  could  be  desired.  An  illustration  of  the  cap  or  cover  to  the 
bomb  is  given  herewith.  The  interior  surface  which  comes  in 
contact  with  the  corroding  gases  retains  its  polish  and  lustre 
without  any  evidence  of  chemical  action.  The  details  of  the 
behavior  of  the  alloy  in  this  apparatus  are  given  in  a  paper  enti- 
tled "  Some  Tests  on  a  New  Calorimeter  Bomb  "  by  Dr.  R.  H. 
Jesse,  Jr.,  presented  in  Section  I  of  this  Congress. 


CONTACT  SULPHURIC  ACID  FROM  BRIMSTONE 

By  G.  W.  Pattekson  and  L.  B.  Cheney 
Indian  Head,  Ind. 

The  plant  we  purpose  to  describe  was  erected  in  1907  at  the 
U.  S.  Naval  Proving  Ground,  Indian  Head,  Md.,  for  the  manu- 
facture of  acid  used  in  making  smokeless  powder.  It  was  de- 
signed by  the  New  Jersey  Zinc  Co.,  which  controls  the  Schroeder 
patents  in  this  country. 

With  a  rated  capacity  of  six  tons,  it  was  operated  successfully 
for  three  years,  burning  pyrites  from  New  York  and  Virginia  in 
O'Brien  burners.  During  the  last  two  years,  Louisiana  brim- 
stone has  been  used  entirely.  The  reason  for  changing  raw 
materials  was  primarily  to  increase  capacity  without  enlarging 
the  plant,  and  it  was  hoped  incidentally  to  reduce  costs,  notwith- . 
standing  the  large  increase  in  price  per  unit  of  sulphur.  Our 
expectations  have  been  fully  realized  in  both  respects. 

The  installation  will  be  described  under  four  heads:  burner 
and  gas  cooling  system,  gas  purifiers,  conversion  system,  and 
absorbing  system.  The  burner  is  housed  in  a  detached  frame 
building,  19  ft.  x  32  ft.,  with  sulphur  store  sheds  adjacent.  A 
frame  building,  52  ft.  x  60  ft.,  contains  the  conversion  and  absorb- 
ing systems.  The  gas  cooling  and  purifying  systems  are  in  the 
open  at  the  rear  of  the  two  buildings,  in  part  protected  by  an 
open  shed. 

The  burner  is  known  as  the  Tromblee  and  Paull  burner  and 
has  been  most  satisfactory.  It  consists  of  a  horizontal  cylindrical 
iron  shell  8  feet  long  and  3  feet  in  diameter  with  conical  ends, 
revolving  on  its  axis  once  in  two  minutes.  At  one  end  is  a  hopper 
and  worm  feed  with  sliding  dampers.  The  other  end  connects 
with  a  rectangular  cast  iron  box  of  37  cu.  ft.  capacity,  provided 
with  sliding  damper  and  vertical  cast  iron  uptake  pipe.  This 
pipe  leads  to  a  brick  dust  catcher  such  as  is  ordinarily  used  with 
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pyrites  burners.  The  dust  catcher  merely  cools  the  gas,  as  no 
appreciable  amount  of  sulphur  is  carried  beyond  the  combustion 
box. 

The  burner  is  rated  at  5500  lbs.  per  day,  but  there  has  been  no 
difficulty  in  burning  6000  lbs.  per  day.  Before  feeding  to  the 
hopper,  the  sulphur  needs  no  other  preparation  than  breaking 
up  large  lumps  with  a  shovel.  When  forced  along  by  the  worm, 
the  sulphur  melts  just  before  it  drops  into  the  body  of  the  burner, 
and  a  sufficient  amount  of  melted  sulphur  is  always  present  to 
form  a  complete  liquid  coating  on  the  inside  of  the  shell  as  it 
revolves.  The  combustion  box  and  vertical  uptake  complete 
perfectly  the  combustion  of  any  sulphur  which  is  volatilized  from 
the  cylinder. 

The  special  advantages  of  this  burner  are  ease  in  controlling 
composition  of  gas,  low  cost  of  upkeep  and  freedom  from  losses. 
Once  in  about  two  months  it  is  necessary  to  clean  out  the  dross 
which  collects  in  the  cylinder.  To  do  this,  or  to  prepare  for  a 
shut-down  for  repairs  in  any  other  part  of  the  plant,  the  sulphur 
charge  is  allowed  to  burn  out  completely.  Any  residue  in  the 
cylinder  is  then  easily  removed  by  a  hoe.  Starting  the  burner 
after  cleaning,  or  even  when  it  is  cold,  is  a  simple  operation  and 
no  losses  occur. 

At  the  exit  from  the  dust  catcher  the  gas  has  cooled  to  a  tem- 
perature of  about  230°  C.  At  this  point  it  enters  the  purifying 
system,  which  consists  first  of  250  lin.  ft.  of  horizontal  lead  pipe 
arranged  in  tiers  in  a  wooden  rack.  All  gas  passes  through  this 
total  length  of  pipe.  This  pipe  is  cooled  by  a  water  spray,  and 
here  is  deposited  a  small  quantity  of  weak  sulphuric  acid  formed 
in  burning  the  sulphur.  The  acid  deposited  is,  however,  slight 
in  comparison  with  the  amount  collected  at  the  same  point  when 
pyrites  was  burned.  The  lead  pipe  connects  with  a  large  lead- 
lined  box  containing  coke  and  here  a  further  deposit  of  weak 
acid  is  obtained.  Up  to  this  point  also  is  formed  a  shght  deposit 
of  carbonaceous  matter  from  the  asphaltic  material  which  Lou- 
isiana brimstone  always  carries  in  small  quantities. 

From  the  coke  box  the  gas  passes  to  two  wet  scrubbers  in 
tandem.  Each  scrubber  outfit  consists  of  a  vertical  lead  cylinder 
with  conical  top,  about  4  ft.  high,  a  lead  pot  provided  with  lead 
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cooling  coils  for  water,  and  an  air  lift  for  circulating  constantly 
a  stream  of  sulphuric  acid  from  the  pot  to  the  scrubber.  The 
scrubber  is  divided  horizontally  by  perforated  diaphragms.  The 
acid  washes  and  dries  the  gas  thoroughly  and  flows  out  through 
trapped  pipes  in  a  weakened  condition  to  the  pot.  A  pot  holds 
2500  lbs.  of  acid  and  is  constantly  strengthened  to  a  gravity  of 
1.75  by  the  addition  of  strong  acid.  The  excess  acid  formed  at 
this  point  is  collected  in  an  egg  and  can  be  forced  by  air  pressure 
to  the  weak  acid  supply  used  in  the  absorbing  system.  The  air 
lift  was  designed  by  one  of  us  (Patterson)  to  replace  the  ordinary 
bubbler  formerly  used.  Only  5  lbs.  air  pressure  is  used,  raising 
80  lbs.  of  acid  per  minute,  and  the  top  of  the  lift  is  gas-tight,  the 
air  being  piped  to  the  gas  system  preventing  any  loss  of  SO2  at 
this  point. 

From  the  scrubbers  the  gas  passes  to  a  second  lead-lined  coke 
box  exactly  like  the  first  one  and  thence  to  a  pair  of  dry  filters  in 
parallel.  Each  dry  filter  consists  of  three  superimposed  lead  lined 
iron  trays  luted  together.  Each  tray  contains  a  mat  of  dry  asbes- 
tos fibre  supporting  a  quantity  of  slag  wool.  A  reserve  set  of 
these  filters  is  kept  ready  for  use  as  they  require  to  be  renewed 
about  once  in  four  weeks.  The  entire  charge  for  two  filters  is 
30  lbs.  of  asbestos  and  400  lbs.  of  slag  wool.  The  dry  filters  com- 
plete the  purification  process  and  the  gas  is  then  carried  into  the 
main  building.  Throughout  the  purification  process  the  gas 
comes  in  contact  with  no  other  metal  than  lead,  but  beyond  this 
point  either  cast  iron  or  wrought  iron  is  used  entirely. 

Within  the  house,  the  gas  first  passes  through  a  positive  pres- 
sure blower,  by  regulating  the  speed  of  which,  the  composition 
of  the  entrance  gas  is  controlled,  and  the  movement  of  gas 
through  the  whole  system  is  completed.  Manometers  on  either 
side  of  this  blower  show  a  suction  of  1.5"  of  mercury  and  a  pres- 
sure of  .75"  of  mercury.  Just  forward  of  the  blower  is  the  sam- 
pling pipe  where  the  composition  of  entrance  gas  is  tested  by  the 
usual  iodine  solution. 

The  next  step  in  the  process  is  the  conversion  system  which 
includes  a  preheater  and  converter.  The  preheater  is  a  series 
of  vertical  iron  U  pipes  and  headers  housed  in  a  furnace  heated 
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by  soft  coal  to  give  to  the  gas  an  initial  temperature  of  380°  C, 
this  being  required  for  proper  catalytic  action  by  the  contact  mass. 

The  converter  is  placed  close  to  the  preheater  and  is  a  vertical 
cast  iron  cylinder  6  ft.  in  diameter  and  8|  ft.  high,  composed  of 
5  horizontal  sections.  Each  section  contains  a  wire  mesh  tray 
for  supporting  the  contact  mass  and  a  baffle  to  properly  spread 
the  gas.  The  contact  mass  is  anhydrous  magnesium  sulphate 
carrying  two  tenths  of  one  per  cent,  metallic  platinum  in  finely 
divided  condition.  A  total  quantity  of  5900  lbs.  of  mass  which 
is  in  coarse  granules  is  spread  on  the  trays  to  a  depth  of  14  to  16 
inches,  leaving  a  space  of  about  6  inches  between  mass  sections. 
The  gas  enters  the  bottom  of  the  converter  and  leaves  at  the  top 
pyrometer  tubes  being  provided  to  read  the  gas  temperature 
before  entrance  and  in  each  section.  From  the  converter  the  gas 
passes  through  180  feet  of  iron  pipe  to  the  absorber.  This  pipe 
is  air  cooled  in  order  that  the  temperature  of  the  gas  may  be 
sufficiently  low  for  good  absorption. 

The  absorbing  system  consists  of  a  tower  absorber,  an  acid 
cooling  pipe,  a  weak  acid  mixer  and  reservoir,  a  head  tank  for 
strong  acid,  an  acid  pump,  and  collecting  tank.  The  tower  is 
a  vertical  cast  iron  cylinder  15|  ft.  high  resting  on  a  cast  iron 
base,  the  top  being  covered  by  a  perforated  plate  from  the  centre 
of  which  rises  the  exit  pipe  for  waste  gases.  The  tower  is  lined 
with  acid  tile  and  packed  with  quartz  rock.  The  gas  enters  on 
one  side  near  the  bottom.  A  constant  stream  of  acid  is  supplied 
by  the  pump  to  the  top  plate,  percolates  through  the  mass  of 
quartz  and  passes  out  at  the  bottom  of  the  tower  to  the  cooling 
pipe.  This  is  a  horizontal  water  cooled  U  pipe,  one  leg  of  which 
carries  an  overflow  pipe  connecting  with  the  pump  and  the  col- 
lector. The  acid  supplied  to  the  top  of  the  tower  is  kept  at  a 
temperature  of  70°  C.  and  has  a  strength  of  99.5%  H2SO4.  The 
strength  of  the  acid  leaving  the  bottom  of  the  tower  is  reduced 
by  the  constant  addition  of  a  small  stream  of  75%  H2SO4  just 
before  it  enters  the  cooler. 

The  reservoir  of  this  weak  acid,  the  mixer  and  strong  acid 
head  tank  are  mounted  on  a  platform  in  the  center  of  the  build- 
ing at  a  sufficient  elevation  for  the  acid  to  flow  by  gravity.    The 
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reservoir  is  an  open  lead-lined  box  holding  1000  gallons.  The 
mixer  is  a  lead  pot  provided  with  lead  coils  for  cooling  water  and 
a  special  mixing  pipe  designed  by  one  of  us  (Cheney)  in  which 
water  and  strong  acid  are  brought  in  contact.  The  mixing  pipe 
consists  of  two  heavy  |"  lead  pipes  set  at  an  angle  of  30°  and  held 
together  by  a  heavy  lead  sheath  burned  onto  a  short  length  of 
1|"  lead  pipe.  One  of  the  f "  pipes  carries  strong  acid  from  the 
head  tank,  and  the  other  ordinary  cold  water  from  the  mains. 
The  1|"  pipe  serves  to  carry  the  hot  mixture  to  the  pot  without 
spatter.  This  type  has  the  advantage  of  minimum  repair  and 
mixes  about  5000  lbs.  of  75%  acid  per  hour.  The  head  tank  has 
a  capacity  of  18000  lbs.  of  strong  acid. 

The  product  of  the  plant  passes  through  a  scale  tank  and  is 
delivered  to  the  nitric  acid  plant  where  in  winter  weather  it  is 
mixed  with  2  per  cent,  of  nitric  acid  to  prevent  freezing.  The 
entire  product  can  be  delivered  as  99.5%  H2SO4,  but  for  use  in 
making  nitric  acid  a  portion  of  it  is  reduced  to  94%  H2SO4. 

This  being  a  Government  plant  the  hours  of  labor  for  any  one 
shift  of  men  can  not  exceed  eight.  The  plant  is  run  continuously 
with  three  shifts  and  in  addition  to  the  men  directly  employed 
in  the  operation  of  the  plant  there  is  a  superintendent  who  devotes 
about  half  of  his  time  to  it. 

The  successful  operation  of  a  contact  plant,  of  course,  depends 
largely  upon  the  efficiency  of  the  contact  mass.  This  efficiency 
is  easily  influenced  by  arsenic  in  the  raw  materials.  Should 
arseniuretted  hydrogen  be  present  in  the  gas  entering  the  con- 
verter, arsenic  is  deposited  on  the  platinum  and  is  said  to  "  poi- 
son "  it.  The  result  of  "  poisoning  "  is  immediately  noticeable 
in  the  temperature  produced  by  the  catalytic  action  and  in  the 
quantity  of  SO2  unconverted.  Fortunately,  this  effect  may  be 
in  part  counteracted  by  raising  the  temperature  of  the  gases 
entering  the  converter,  and  for  this  reason  hardly  any  two 
plants  burning  pyrites  will  be  found  using  the  same  initial  tem- 
perature. In  different  plants  we  have  noted  temperatures  of 
entrance  gas  varying  from  420°  C.  to  480°  C.  The  catalytic 
properties  of  "  poisoned  "  mass  may  be  improved  by  sprinkling 
it  with  aqua  regia  and  expelling  the  arsenic  by  the  heat  of  the  con- 
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verter,  or  they  may  be  entirely  restored  by  heating  the  mass  in  a 
furnace  after  sprinkhng  with  aqua  regia. 

Another  factor  in  conversion  is  the  quantity  of  SO2  contained 
in  the  gas  entering  the  converter.  With  pyrites  it  is  customary 
to  use  an  entrance  gas  containing  not  over  5.5  per  cent.  SO2 
with  mass  in  good  condition.  When  "  poisoning  "  has  occurred, 
this  percentage  must  be  reduced  to  obtain  good  conversion. 

In  this  plant,  using  Louisiana  brimstone  for  eighteen  months, 
we  have  had  no  indications  of  "  poisoning  "  and  have  not  opened 
the  converter.  The  temperature  of  gas  entering  the  converter 
is  kept  constantly  at  380°  C.  and  conversions  are  regularly  95 
to  95.5  per  cent.  This  low  temperature  means  a  decided  saving 
in  coal,  and  wear  and  tear  on  the  preheater.  During  six  months 
the  average  consumption  of  coal  has  been  21.8  lbs.  per  100  lbs. 
of  SO3  made.  We  beheve  this  to  be  a  figure  decidedly  less  than 
any  Schroeder  plant  burning  pyrites.  An  entrance  gas  of  6.5 
to  7  per  cent.  SO2  is  regularly  used.  During  six  months  under  the 
above  conditions,  the  average  make  has  been  a  little  more  than 
6  tons  of  acid  a  day,  and  the  average  yield  on  sulphur  fed  to  the 
burner  93.36%.  The  plant  can  make  a  maximum  quantity  of  8 
tons  with  a  yield  of  90%.  Comparison  of  cost  sheets  shows  that 
by  changing  raw  materials  from  pyrites  to  brimstone,  we  have 
reduced  cost  of  manufacture  nearly  two  dollars  per  ton  of  98% 
acid;  that  this  reduction  is  due  in  part  to  minimizing  losses  from 
shut-downs  for  repairs,  in  part  to  increased  yields  and  in  part  to 
saving  in  coal  and  cost  of  upkeep. 


DIE     PHYSIKALISCHEN     UND     CHEMISCHEN    VOR- 
GXNGE   BEIM    AUTOGENEN    SCHNEIDEN 

Von  Prof.  Dr.  A.  Stavenhagen 
Berlin,  Grunewald 

Der  eigentliche  Erfinder  des  autogenen  Schneidens  ist  der  Ein- 
brecher  Brown,  der  1890  in  Hannover  mit  einer  Knallgasflamme 
die  Wand  eines  Geldschrankes  durchlochte.  Die  ersten  autogenen 
Schneidversuche  habe  ich  1895  in  den  Vorlesungen  iiber  anor- 
ganische  Chemie  an  der  Technischen  Hochschule  zu  Berlin 
ausgefiihrt. 

Da  liber  die  chemischen  und  physikalischen  Vorgange  beim 
autogenen  Schneiden  recht  abweiehende  Ansichten  in  Literatur 
und  Technik  verbreitet  sind,  so  habe  ich  diese  Vorgange  einem 
genauen  Studium  unterzogen  und  berichte  iiber  die  Ergebnisse 
derselben  in  kurzem  wie  f olgt : 

Der  Ausdruck  "autogenes  Schneiden  "  ist  ein  wenig  gliicklich 
gewahlter,  weil  durch  diese  Bezeichnung  irrige  Vorstellungen  her- 
vorgerufen  werden.  Von  einem  wirkhchen  "  Schneiden  "  kann 
bei  dem  autogenen  Schneidverfahren  nicht  die  Rede  sein,  sondern 
es  handelt  sich  um  Schmelz — und  Verbren — nungsprozesse. 
Es  ist  allgemein  bekannt,  dass  man  einen  Korper  nur  dann  ver- 
brennen  kann,  wenn  man  ihn  zuvor  auf  seine  Entziindungstem- 
peratur  erhitzte.  Diejenige  Substanz,  die  beim  autogenen 
Schneiden  verbrennt,  ist  Eisen,  welches  mit  einer  Knallgasflamme 
auf  die  Entziindungstemperatur  erhitzt  wird.  Der  Schmelz- 
punkt  reinen  Eisens  liegt  bei  ca  1505°;  iiber  die  Entziindung- 
stemperatur fehlen  Angaben.  Mit  dem  Kurlbaum  schen  Pyro- 
meter habe  ich  die  Entziindungstemperatur  des  Eisens  bei  2200° 
gefunden.  Diese  Temperatur  ist  sicherlich  als  zu  hoch  liegend 
anzusehen,  weil  die  Dissoziation  des  Wassers  bereits  bei  sehr 
viel  tieferen  Temperaturen  beginnt  und  bei  2000°  schon  ziem- 
lich  weit  fortgeschritten  ist,  so  dass  also  hohere  Temperaturen 
als  2000°  mit  dem  Knallgasgeblase  nicht  zu  erreichen  sind.    Da 
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das  Eisen  aber  im  Knallgasgeblase  anstandslos  verbrennt,  so 
muss  die  Entziindungstemperatur  niedriger  als  2000°  liegen. 

Ein  Schmelzen  und  Verbrennen  des  Eisens,  wie  es  beim  auto- 
genen  Schneiden  notwendig  ist,  erreicht  man  mit  der  Knallgas- 
flamme  und  einem  Ueberschuss  von  Sauerstoff  unter  Druck  nur 
bei  denjenigen  Eisensorten,  deren  Schmelzpunkte  iiber  ca  1400° 
liegen;  eine  Platte  aus  weissem  Gusseisen  z.  B.,  das  bei  1100° 
schmilzt,  kann  mit  Hilfe  eines  Knallgasgeblases  nicht  durch- 
schnitten  werden.  Dieser  Umstand  erklart  sich  daraus,  dass 
Gusseisen  wohl  in  der  Knallgasflamme  schmilzt,  wie  man  sich 
durch  Versuche  leicht  iiberzeugen  kann,  dass  es  aber  zu  dem 
zweiten  wichtigen  Telle  des  Schneidprozesses,  zum  Verbrennen 
des  Eisens  in  einem  Ueberschuss  von  Sauerstoff,  nicht  kommt. 
Die  Entziindungstemperatur  des  Eisens  kann  nicht  erreicht 
werden,  well  zwischen  der  Entziindungstemperatur  des  Eisens 
und  dem  Schmelzpunkte  des  Gusseisens  ein  zu  grosses  Tempera- 
turintervall,  ca  800°,  liegt.  Solange  nicht  die  ganze  Masse  des 
Gusseisens  geschmolzen  ist,  bleibt  die  Temperatur  unverandert, 
well  die  neu  zugef iihrte  Warme  verwendet  wird,  festes  Gusseisen 
in  den  fllissigen  Zustand  umzuwandeln.  Diese  Verwendung  der 
durch  die  Knallgasflamme  zugefiihrten  Warme  dauert  so  lange, 
bis  alles  feste  Gusseisen  in  den  fllissigen  Zustand  iibergef  lihrt  wird. 
Eine  weitere  wichtige  Rolle  spielt  die  Warmeleitung,  die  sich  bei 
einer  niederen  Temperatur  starker  fiihlbar  machen  muss  als 
bei  einer  hoheren.  Die  Entziindungstemperatur  des  Eisens  kann 
also  bei  einem  grosseren  Stiick.  Gusseisen  mit  der  Knallgas- 
flamme nicht  erreicht  werden.  Ein  Verbrennen  des  Eisens  durch 
die  Knallgasflamme  und  Anwendung  von  Sauerstoff  unter 
Druck  tritt  nur  bei  ganz  kleinen  Gusseisenstiicken  ein,  well  hier 
die  Menge  des  zu  schmelzenden  Eisens  klein  und  infolgedessen 
die  Warmebindung  eine  geringe  ist.  In  chemischer  Beziehung 
ist  auch  die  Anwesenheit  grosserer  Kohlenstoffmengen  der 
Verbrennung  des  Eisens  hinderlieh,  well  die  Entziindungstem- 
peratur des  Kohlenstoffes  unter  der  des  Eisens  liegt.  Derjenige 
Stoff  wird  zuerst  verbrannt,  dessen  Entziindungstemperatur  am 
niedrigsten  liegt,  und  dann  der  mit  der  hoheren  Temperatur. 
Erst  wenn  der  grosste  Teil  des  im  Gusseisen  vorhandenen 
Kohlenstoffes    verbrannt    ist,    wenn    also    ein    Uebergang    des 
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Gusseisens  in  Stahl  bezw.  Schmiedeeisen  stattge  funden  hat, 
findet  ein  Verbrennen  auch  von  Eisen  statt. 

Von  den  chemischen  Reaktionen,  die  fiir  die  Warmebilanz 
eine  Rolle  spielen,  sind  zu  erwahnen  die  Bildung  von  Wasser,  die 
Bildung  von  Eisenoxydul,  Eisenoxyd,  bezw.  von  Eisenoxydul- 
oxyd  und  die  Bildung  von  Kohlendioxyd.  Die  erwahnten  chem- 
ischen Vorgange  sind  exothermische  Prozesse,  bei  denen  Warme 
frei  wird,  die  fiir  den  Fortgang  des  Schneid-bezw.  Schmelz- 
prozesses  Verwendung  findet,  indem  sie  die  Eisenteilchen 
shcmilzt  und  auf  die  Entziindungstemperatur  erhitzt.  Diese 
Warmemenge  kommt  aber  nicht  in  vollem  Umfange  zur  Geltung, 
weil  Warme  zur  Verdampfung  des  gebildeten  Wassers,  zur 
Dissoziation  des  Wassers  in  seine  beiden  Komponenten  und  zur 
Schmelzung  der  Eisenoxyde  verwendet  wird. 

Die  erwahnten  chemischen  Vorgange,  die  den  Schneidprozess 
ungiinstig  beeinflussen,  sind  nicht  die  einzigen,  sondern  es  wer- 
den  auch  beim  Verbrennen  des  Eisens  an  der  Luft  nicht  uner- 
hebhche  Mengen  von  Stickoxyden  gebildet;  hier  handelt  es  sich 
um  einen  stark  endothermischen  Prozess.  Es  sind  bereits  Patente 
beschrieben,  z.  B.  das  Bendersche  Patent  D.  R.  P.  No.  192883, 
bei  dem  Stickoxyde  durch  Verbrennen  von  Kohlenstoff  bezw. 
von  Kohlenwasserstoffen  in  Sauerstoff  erzeugt  werden.  Die 
Bildung  von  Stickoxyden  tritt  nur  dann  ein,  wenn  keine  reduzier- 
enden  Gase  zugegen  sind,  d.  h.  wenn  ein  Ueberschuss  von  Sauer- 
stoff dauernd  vorhanden  ist.  In  gleicher  Weise  erhalt  man 
Stickoxyde,  wenn  Eisen  in  einem  Ueberschuss  von  Sauerstoff 
verbrannt  wird.  Bei  dem  bekannten  Vorgange  des  Verbrennens 
einer  Uhrfeder  in  Sauerstoff  konnte  ich  die  Bildung  von  Stick- 
oxyden nicht  nachweisen,  wohl  aber  beim  Verbrennen  von  Eisen 
in  einer  Knallgasflamme.  Es  ist  ferner  bekannt,  dass  eine  in  der 
Luft  brennende  Knallgasflamme  zur  Bildung  kleiner  Mengen 
von  Stickoxyden  Veranlassung  gibt. 

Benutzt  man  zur  Erzeugung  der  Knallgasflamme  nicht  reinen 
Wasserstoff,  sondern  Acetylen,  Leuchtgas,  Blaugas  etc.,  so  tritt 
beziighch  der  chemischen  Reaktionen  und  der  hierdurch  gebilde- 
ten Stoffe  eine  wesentliche  Aenderung  ein.  Die  Wasserbildung 
tritt  zuriick,  die  Bildung  von  Kohlendioxyd  in  den  Vordergrund, 
wahrend  die  Menge  der  gebildeten  Stickoxyde  keinen  wesentlic- 
hen  Schwankungen  zu  unterliegen  scheint. 
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Interessant  gestalten  sich  die  Verbrennungsvorgange,  wenn 
man  statt  Wasserstoff  Ammoniak  oder  Kohlenoxyd  mit  einem 
Ueberschusse  von  unter  Druck  stehendem  Sauerstoffe  verbrennt. 
Man  ist  im  stande,  auch  mit  einer  Ammoniak-Sauerstoff-flamme 
diinne  Eisenplatten  zu  durchschneiden.  Eine  Ammoniak-Sauer- 
stoffflamme  erzeugt  naturgemass  grossere  Mengen  von  Stick- 
oxyden.  Ftir  das  Schneiden  dickerer  Eisenplatten  ist  Ammoniak 
nicht  verwendbar;  der  Schneidprozess  gelingt  aber,  wenn  dem 
Ammoniak  Wasserstoff  zugemischt  wird.  Die  Menge  der  durch 
eine  Ammoniak-Sauerstoffflamme  gebildeten  Stickoxyde  steigt 
erheblich  bei  Gegenwart  von  brennendem  Eisen,  wobei  die 
Stickoxyde  infolge  der  raschen  Fortfiihrung  durch  den  unter 
Druck  stehenden  Sauerstoff  nicht  leicht  der  Zersetzung  wieder 
anheimfallen.  Verwendet  man  statt  Wasserstoff  Kohlen- 
oxyd, so  kann  Eisen  mit  einer  Sauerstoff  -  Kohlenoxyd 
flamme  ebenfalls  verbrannt  werden.  In  diesem  Falle  konnten 
Stickoxyde  nicht  nachgewiesen  werden,  ein  Umstand,  der  sel- 
bstverstandlich  erscheint,  weil  der  Stickstoff  der  Luft  sich  bei 
Anwesenheit  eines  stark  reduzierenden  Gases,  wie  Kohlenoxyd, 
nicht  mit  Sauerstoff  zu  vereinigen  vermag.  Es  soil  nicht  uner- 
wahnt  bleiben,  dass  bei  Verwendungeiner  Sauerstoff-  Kohlen- 
oxydflamme  sich  kleine  Mengen  von  Cyanverbindungen  bilden 
konnen. 


UEBER    DIE    ADSORPTION    DES     EISENPENTACAR- 
BONYLS  DURCH  EISEN 

Von  A.  Stoffel 
Amsterdam,  Holland 

In  einer  vorigen  Abhandlung^  habe  ich  einige  Mitteilungen 
gemacht  iiber  den  Verlauf  der  von  "  Mond  "^  und  "  Berthelot  "' 
entdeckten  Reaktion  zwischen  Kohlenoxyd  und  Eisen,  wobei, 
wie  bekannt  ist,  Eisenpentacarbonyl  entsteht,  Fe  (C0)5. 

Diese  in  vielerlei  Hinsicht  merkwiirdige  Reaktion,  welche  auch 
fiir  die  Technik,  besonders  die  Gasindustrie,  Bedeutung  hat, 
verlauft  bei  Zimmertemperatur,  wenn  auch  langsam,  doch  mit 
meszbarer  Geschwindigkeit;  das  Eigentiimliche  aber  ist,  dasz 
weder  Temperatur-noch  Druckerhohung,  wie  es  scheint,  Ein- 
flusz  ausiiben,  jedenfalls  nicht  in  dem  Masze,  wie  man  es,  der 
Theorie  nach,  erwarten  sollte  bei  einer  Reaktion,  welche  unter  so 
erhebhcher  Volumverringerung  stattfindet. 

Das  dieses  so  ist,  geht  daraus  hervor,  dasz  man  beim  Ueber- 
leiten  von  Kohlenoxyd  iiber  Eisen,  bei  welcher  Temperatur  man 
auch  arbeitet,  immer  nur  minimale  Mengen  Fe  (00)5  im  Dampfe 
bekommt,  und  wenn  eine  bei  hoheren  Temperaturen  auftretende 
Dissociation  Ursache  davon  ware,  so  sollte  Druckerhohung 
jedenfalls  die  Ausbeute  erheblich  steigern,  und  es  miiszte  ein 
Gebiet  von  Temperatur  und  Druck  bestehen,  innerhalb  welches 
beim  Ueberleiten  von  CO  iiber  Eisen  leicht  groszere  Mengen  im 
Dampfe  zu  bekommen  waren. 

Es  gelang  mir  bis  jetzt  aber  nicht  ein  derartiges  Gebiet  zu 
finden,  wahrend  schon  Mond  constatirt  hat,  dasz  selbst  eine 
Druckerhohung  bis  10  Atmospharen  keine  Erhohung  der  Aus- 
beute gab. 


iChemisch  Weekbl.  8  pag.  722,  1911. 
2Journ.  chem.  soc.  59  pag.  1090,  1891. 
sCompt.  Rend.  112,  pag.  1343,  1891. 
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Auch  Dewar  and  Jones^,  welche  die  chemischen  und  physischen 
Eigenschaf ten  des  Eisenpentaearbonyls  am  eingehendsten  studiert 
haben,  konnten  nach  Ihren  eigenen  Angaben  immer  nur  geringe 
Ausbeuten  bekommen. 

Welche  Umstande  sind  es,  welche  hier  so  stark  hemmend  auf- 
treten? 

Ich  habe  in  der  oben  genannten  Publikation  eine  Antwort  auf 
diese  Frage  gegeben,  und  dabei  kurz  folgendes  gefunden:  Bringt 
man  Eisen  in  geniigend  feiner  Verteilung  (am  besten  nach 
Mond's  Verschrift  hergestellt)  mit  CO  zusammen,  so  wird  letzte- 
res  aufgenommen  unter  Bildung  von  Fe  (CO) 5. 

Die  Geschwindigkeit  dieser  Aufnahme  ist  viel  groszer,  als  man 
erwarten  sollte,  und  betragt  in  den  ersten  Minutenetwa  10  bis 
15  c.  c.  per  Minute  und  fiir  100  gram  Eisen,  entsprechend  der 
Bildung  von  15  bis  20  m.  Or.  Fe(C0)5.  Diese  Geschwindigkeit 
nimmt  jedoch  schnell  ab,  ist  nach  24  Stunden  nur  noch  +  5  c.c. 
in  die  Stunde,  und  nach  einigen  Tagen  praktisch  auf  null  gesun- 
ken.  Dann  ist  etwa  f  L.CO  aufgenommen.  (berechnet  auf  100 
gr.  Eisen). 

Erwarmt  man  das  Eisen  auf  100  bis  120°,  so  destillirt  das 
Eisenpentacarbonyl  unter  teilweiser  Zersetzung  aus,  und  nach 
Abkiihlung  auf  Zimmertemperatur  beginnt  die  Reaktoin  mit 
derselben  Geschwindigkeit  wie  zuerst.  Dieses  ist  die  bekannte 
Methode  zur  Darstellung  von  Mond. 

Bestimmt  man  die  Concentration  des  Carbonyls  im  Dampfe, 
nachdem  eine  groszere  Menge  CO  aufgenommen  ist,  so  findet  man 
dasz  diese  nur  eine  Fraktion  des  Sattigungsdruckes  bei  der 
betreffenden  Temperatur  ist. 

Die  Annahme  liegt  also  nahe,  dasz  es  sich  heir  um  eine  Adsorp- 
tion handelt,  und  dasz  also  das  Eisenpentacarbonyl,  welche  bei 
der  Reaktion  entsteht,  von  dem  Eisen  adsorbiert  wird,  und  dasz 
die  diinne  Schicht,  welche  das  Eisen  bedeckt,  den  weiteren  Ver- 
lauf  der  Reaktion  hemmt. 

Bei  alien  Temperaturen  bis  60°  a  70°,  fand  ich  ungefahr  dassel- 
be;  nur  bei  hoheren  Temperaturen  verhalt  sich  die  Sache  anders. 

Bei  80°  horte  die  CO  Aufnahme  schon  auf,  als  nur  etwa  80 
c.  c.  aufgenommen  waren  und  bei  100°  fand  keine  Aufnahme 

iProc.  Royal  Soc.  76,  pag.  558,  1905. 


II J  Congress   of  Applied  Chemistry  227 

mehr  statt.  Bei  diesen  Temperaturen  musz  es  die  Dissociation 
sein,  welche  der  Reaktion  ein  Ende  macht. 

Steigert  man  bei  80°  den  Druck,  so  nimmt  zwar  die  Concen- 
tration im  Dampfe  zu,  gleichzeitig  aber  zeigte  es  sich,  dasz 
die  Hemmung  der  Reaktion  durch  die  Adsorption  auch  wiederum 
auftritt,  ebenso  gut  wie  bei  niedrigen  Temperaturen. 

Das  Maximum  der  Concentration  des  Dampfes  bei  80°  und 
ein  Atm.  Druck  war  0.98  vol.  %,  und  bei  100°  nur  noch  0.21  vol. 
%.  Im  Gleichgewichte  und  wenn  eine  geniigende  grosze  Ober- 
jflache  Eisen  vorhanden  ist,  ist  also  das  Eisenpentacarbonyl  bei 
80°  schon  zu  99.02  Vol.  %  und  bei  100°  zu  99.79  Vol.  %  disso- 
ciiert.  In  reinem  Zustande  dagegen,  und  ohne  eine  derartige 
Katalytisch  wirkende  Oberflache  findet,  wie  Dewar  und  Jones 
(1.  c.)  constatirten,  gar  keine  Dissociation  statt. 

Offenbar  handelt  es  sich  hier  um  eine  Art  "  falsches  Gleich- 
gewicht  "  im  Sinne  Duhem's.^  Eine  Untersuchung  iiber  die 
von  beiden  Seiten  erreichbaren  Gleichgewichte  auch  bei  niedrigen 
Temperaturen,  60°  und  70°,  ist  jetzt  im  Gauge. 

Das  Aufhoren  der  Reaktion  wird  also  durch  zwei  Umstande 
verursacht,  und  zwar: 

1°.    Dissociation,  aber  nur  gegen  80°  und  hoher. 
2°.    Die  Adsorption  des  Fe(C0)5,  durch  das  Eisen,  welche  soweit 
untersucht,  bei  alien  Temperaturen  auftrat. 

Ich  wtinsche  jetzt  liber  diese  Adsorption  einige  genaueren  Anga- 
ben  mit  zu  teilen. 

Es  miiszte  also  bestimmt  werden,  auf  welche  Weise  die  Adsor- 
bierte  Menge  abhangt  von  der  Concentration  des  Dampfes,  und 
zwar  bei  verschiedenen  Temperaturen. 

Ftir  die  Bestimmung  der  Dampfconcentration  arbeitete  ich 
wie  folgt: 

Ein  etwa  160  c.  c.  fassendes  Kolbchen  mit  rund  100  gr.  Eisen 
(nach  Mond's  Vorschrift  hergestellt)  ist  verbunden  einerseits 
mit  ein  em  CO  haltendes  Reservoir  welches  gestattet  die  Aufge- 
nommene  Menge  CO  genau  zu  messen,  andrerseits  mit  einer  Flas- 
che  von  +  2  L.  Inhalt. 


^Duhem  Thermedynamique  et  Chimie  2d  Edition,  page  462. 
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Wenn  nun  eine  geniigende  Menge  CO  aufgenommen  ist, 
offnet  man  den  Hahn,  welcher  Kolbchen  und  Flasche  verbindet, 
nachdem  letztere  zuerst  mittels  der  Wasserstrahlluftpumpe 
evacuiert  worden  war;  der  groszte  Teil  der  Gasmasse  flieszt  nun 
aus  dem  Kolbchen  in  die  Flasche  liber,  wonach  sofort  der  Hahn 
wieder  geschlossen  wird. 

Nun  wird  etwas  Konigswasser  in  die  Flasche  eingelassen,  dessen 
Dampfe  schnell  das  Eisenpentacarbonyl  zersetzen,  sodasz 
das  Eisen  als  Oxyd  gewogen  werden  kann. 

Eine  Wattenpropfen  in  das  Verbindungsrohr  verhinderte  ein 
Mechanisches  Mitfiihren  von  Eisenteilchen  aus  dem  Kolbchen. 

An  die  Flasche  war  noch  ein  Manometer  angebracht,  sodasz 
das  Uebergehen  der  Gasmasse  in  die  Flasche  genau  verfolgt  wer- 
den konnte,  und  der  Hahn  nicht  liinger  als  notig  war,  geoffnet 
blieb.  Auszerdem  konnte  aus  dem  Druckunterschied  vor  und 
nach  das  Offnen  des  Hahnes  die  Correction  berechnet  worden, 
welche  angebracht  werden  muszte  flir  die  im  Kolbchen  blei- 
benden  Telle  der  Gasmasse. 

Bei  geringen  Concentrationen  und  bei  gewohnlicher  Tem- 
peratur,  auch  bei  groszerer,  haftet  dieser  Methode  keinerlei 
Fehler  an,  weildas  adsorbierte  Carbonyl  nur  sehr  langsam  ver- 
dampft.  Bie  hoheren  Temperaturen  aber  und  groszeren  Concen- 
trationen ist  es  moglich,  dasz  bei  zu  lange  geoffnet  bleiben  des 
Hahnes,  das  adsorbierte  Carbonyl  einfash  in  die  Flasche  iiber- 
destilliert,  und  das  Resultat  also  viel  u  hoch  ist. 

Die  hochsten  von  mir  gefundenen  Zahlen  stimmen  aber  gut 
iiberein  mit  den  Werten,  welche  Dewar  und  Jones  (1.  c.)  fur  die 
Concentration  des  gesattigten  Dampfes  geben,  sodasz  auch  hier 
nach  obiger  Methode  richtige  Zahlen  gefunden  werden, 

Neben  der  Concentration  des  Dampfes  ist  es  noch  notig  die 
von  dem  Bisen  adsorbierte  Menge  zu  kennen.  Diese  letztere 
Quantitat  berechnete  ich  als  die  Differenz  zwischen  totales  und 
gasformiges  Carbonyl.  Die  totale  Menge  kann  nach  zwei  Metho- 
den  bestimmt  werden. 

A.  Es  wird  eine  gewisse  Menge  CO  aufgenommen,  und  daraus  das 
Eisenpentacarbonyl  berechnet,  unter  Annahme,  dasz  alles  CO 
zur  Bildung  des  Fe(C0)5  gebraucht  wird. 

B.  Man  laszt  eine  Menge  Fe(C0)5  in  einem  indifferenten  Gase, 
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am  besten  Wasserstoff,  verdampfen  und  leitet  diesen  gasstrom 
durch  das  Kolbchen,  mit  Eisen.  Die  Gewichtszunahme  ist  dann 
direkt  der  totalen  Menge  Fe(C0)5  gleich. 

Die  erste  Methode  ist  am  leichtesten  ausfiihrbar;  es  blei  bt 
aber  dabei  unsicher,  ob  wohl  alles  CO,  welches  aufgenommen  wird 
zur  Darstellung  des  Eisenpentacarbonyls  gebraucht  wird. 

Ich  habe  deshalb  zur  besseren  KontroUe  einige  Versuche  (in 
der  Tabelle  mit  +  gemerkt)  nach  der  zweiten  Methode  gemacht, 
die  meisten  aber  nach  der  Ersten.  Beide  gaben  nahezu  dasselbe 
Resultat;  die  nach  der  zweiten  Methode  eine  etwas  niedrige 
Dampfconcentration  bei  gleicher  adsorbierten  Menge. 

Ich  musz  hier  aber  bemerken,  dasz,  wo,  das  eine  Mai  in  CO, 
das  andere  in  Wasserstoff-Atmosphare  gearbeitet  wurde,  also  die 
Umstande  in  beiden  Falle  nicht  dieselben  waren,  voUkommene 
Uebereinstimmung  auch  nicht  erwartet  werden  kann;  groszen 
Unterschied  kann  dieses  aber  nicht  geben. 

Bei  60°  konnte  nur  die  erste  Methode  gefolgt  werden,  weil 
dort  schen  Concentration  auftrat;  in  CO  Atmosphare  konnten 
noch  hohere  Concentrationen  erreicht  werden,  wenn  auch  nicht 
bis  zum  Sattigungsdruck,  aber  in  Wasserstoff-Atmosphare  zerse- 
tzte  das  Carbonyl  zu  schnell,  sodasz  die  zweite  Methode  hier 
ganz  versagte. 

Dasz  bei  40°  und  niedriger  dieser  Umstand  sich  nicht  zeigte, 
musg  zugeschrieben  werden  erstens  daran,  dasz  das  Gleichgewicht 
sich  zu  Gunsten  des  Carbonyls  verschiebt,  und  zweitens  dasz, 
wenn  schen  einige  Zersetzung  auftrat,  diese  jedenfalls  bei  diesen 
Temperaturen  zu  langsam  war,  um  einigen  Einflusz  ausiiben 
zu  konnen. 

Das  Licht  wurde  bei  diesen  Arbeiten  se  gut  wie  moglich  aus 
geschlossen,  sodasz  die  Bildung  derfesten  Verbindung  Fe2(CO)9 
nicht  stattfinden  konnte. 
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Ich  fand  folgende  Zahlen: 


19 


41 


60° 


241 

0.14 

154 

0.62 

187        2.02 

242 

0.36 

157 

0.76 

323        5.01 

306 

0.24 

233 

0.93 

397        8.05 

368 

0.52 

227 

1.13 

589        1 . 08 

+  401 

0.61 

295 

1.91 

913        15.60 

458 

1.09  + 

370 

2.21 

Sattigungsdruck 

(in%  von  lAtm.  nach  D.  und  J.) 

589 

1.91 

422 

3.14 

19°       3.80 

638 

2.44 

461 

3.12 

41°       8.20 

771 

3.08 

771 

5.84 

60°      19. 

1209 

3.78 

1055 

7.30 

1384 

4.16 

1375 

8.08 

In  dieser  Tabelle  ist  x  die  adsorbierte  Menge,  C  die  Dampfcon- 
centration  in  Volumprocente. 

Wie  ersichtlich  (Fig.  1)  haben  die  mit  diesen  Zahlen  construir- 
ten  Kurven  genau  die  Form  der  Adsorptions-Isothermen/ 
jedenfalls  im  Anfang  bei  kleinen  Dampfconcentrationen;  auch 
besteht  ein  stetiger  Uebergang  der  Dampfconcentration  in  dem 
Sattigungsdruck. 

Bei  60°  konnten  wie  schon  gesagt,  die  Bestimmungen  nicht 
bis  zu  groszeren  Concentrationen  fortgesetzt  worden,  weil  schon 
Dissociation  auftrat. 

Wie  bekannt  ist  die  Formel  f  iir  die  Adsorptions-isotherme : 

^=:ap^/ni) 

werin  ^  die  pro  Flache-Einheit  adsorbierte  Menge,  p  der  Dampf- 
druck,  oc  und  n=  Constanten  sind. 

Die  Logarithmen  der  adsorbierten  Mengen  und  Dampfcencen- 
tration  miissen  also  linear  von  Einander  abhanger.  Bei  19°  ist 
dieses  bis  2.44  Vol.  %  der  Fall  und  bei  41°  bis  3.-Vol.  %.  Im 
Uebrigen  zeigen  diese  Kurven  grosze  Aehnlichkeit  mit  denjenigen 
welche  fiir  Wasserdampf  und  Baumwolle  und  Wolle  gefunden 
sind.^ 


'Freundlich  Capillarchemie  94,100  und  179. 

*Orme  Masson  und  E.  S.  Richards,  Proc.  Roy.  412  (1907);  Travers  Proc. 
Roy.  Soc.  79.  204  (1907);  Trouton  Proc.  Roy.  Soc.  79  page  383  (1907). 
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Bei  steigender  Temperatur  nimmt,  wie  wir  sehen,  die  Dampf- 
concentration  bei  gleicher  adsorbierten  Menge  schnell  zu,  jedoch 
die  Adsorption  bleibt  bestehen,  wenn  auch'  in  verminderten 
Masze,  und  damit  auch  die  hemmende  Wirkung,  welche  Sie  auf 
die  Reaktion  ausiibt. 

Es  ist  dadurch  also  gentigend  erkl^rt,  dasz  bei  welcher  Tem- 
peratur man  auch  arbeitet,  immer  das  Eeaktionsprodukt  selbst 
im  wachsenden  Masze  beim  Fortschreiten  der  Reaktion  hemmend 
auftreten  kann,  und  Ursache  der  geringen  Ausbeuten  ist,  auch  bei 
Hoheren  Temperaturen. 

Erhohung  des  Druckes  kann  unter  diesen  Umstanden  keine 
Besserung  geben. 

Ueber  die  Frage  in  wie  weit  bei  Temperaturen  von  100°  und 
hoher,  wenn  durch  geniigende  Druckerhohung  die  Dissociation- 
welche  bei  einer  Atmosphare  und  100°  nahezu  vollstandig  ist- 
zuriickgedrangt  wird,  andere  Verhaltnisse  verliegen,  kann  jetzt 
noch  nicht  gesagt  werden,  doch  ist  durch  weitere  Versuche  auf 
zu  klaren. 

Die  Resultate  dieser  Untersuchung  zusammen  fassend,  haben 
wir  das  Folgende: 

Es  wurde  bewiesen,  dasz  das  Eisenpentacarbonyl  durch  das  Eisen 
adsorbiert  wird,  und  festigestellt,  wie  die  adsorbierte  Menge  von 
der  Dampfconcentration  abhangt  bei  verschiedenen  Temperatu- 
ren. 

Die  Eigenttimlichkeit  der  Reaktion  zwischen  Eisen  und  Koh- 
lenoxyd,  hauptsachlich  die  grosze  Langsamkeit  der  Reaktion 
finde  darin  eine  geniigende  Erklarung. 
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Figure  1. 


KURZE   INHALT    DER   VERHANDLUNG    UEBER    DIE 
ADSORPTION  DES  EISENPENTACARBONYLS 
URCH   EISEN 

Von  a.  Stoffel 

Es  wird  zunachst  aufmerksam  gemacht  auf  die  Eigentumliche 
Tragheit  der  Reaktion  zwischen  Eisen  und  Kohlenoxyd,  welche 
weder  durch  Temperatur-noch  durch  Drucksteigerung  shceinbar 
beeinfluszt  wird. 

Dann  wird  der  kurze  Inhalt  wiedergegeben  einer  Publikation 
im  Chem.  Weekbl.  8  pag.  722  (1911),  worin  als  Ursache  dieser 
Tragheit  wird  angegeben,  dasz  bei  alien  Temperaturen  eine 
Adsorption  des  Eisenpentacarbonyls  durch  das  Eisen  stattfindet, 
wahrend  bei  hoheren  Temperaturen,  80°  und  hoher,  auch  Dis- 
sociation auftritt,  und  zwar  zu  sehr  erheblichen  Betragen;  bei 
80°  befindet  sich  nur  noch  0.98  Vol.  %,  und  bei  100°  0.21  Vol.  % 
Fe(C0)5  im  Dampfe. 

Dann  wird  eine  Methode  beschrieben  zur  Bestimmung  des 
gasformigen  und  des  adsorbierten  Carbonyls  und  die  nach  dieser 
Methode  gefundenen  Zahlen,  in  einer  Tabelle  vereinigt,  mitgeteilt. 

Schliesslich  werden  die  mit  diesen  Zahlen  erhaltenen  Kurven 
diskutiert,  und  dabei  festgestellt,  dasz  Sie  genau  die  Form  der 
Adsorptions-Isothermen  aufweisen,  sodasz  resultirt  werden  kann, 
dasz  es  sich  hier  wirklich  um  eine  Adsorptionserscheinung  handelt, 
welche  diese  Reaktion  in  so  hohem  Masze  beeinfluszt. 
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ON  SILICATES  OF  SODIUM 

By  Alb.  Vesterberg 
University  of  Stockholm,  Stockholm,  Sweden 

Preparing  and  Recrystallization  of  the  Metasilicate  op 
Sodium,  Na2  S1O3  +  9  H2O 

In  my  examinations  of  resinous  acids  I  found  it  easier  to  obtain 
their  salts  crystallized  and  of  correct  composition,  if  they  were 
prepared  from  alcoholic  rather  than  from  pure  water  solutions. 
Some  years  ago  I  accordingly  tried  to  get  silicates  crystallized  in 
the  same  way.  And  in  fact  a  salt  of  the  composition  Na^  SiOs  + 
9  H2O  was  prepared  in  the  following  manner. 

One  volume  of  common  viscous  solution  of  waterglass,  1  vol. 
of  water,  2  vol.  of  solution  of  caustic  soda  (1,26  sp.  gr.)  and  2  vol. 
of  alcohol  are  mixed.  The  mixture  separates  in  two  layers:  the 
upper,  about  %  of  the  whole,  is  a  solution  of  caustic  soda,  con- 
taining but  little  silicate,  in  aqueous  alcohol;  the  lower  is  a  vis- 
cous layer  of  a  super-saturated  solution  of  silicate  of  sodium.  In 
both  solutions  crystallization  takes  place  after  a  shorter  or  longer 
time  and  finally  the  bottom  layer  is  nearly  solidified  to  a  mass  of 
crystals.  This  can  be  recrystallised  from  a  mixture  of  10  vol.  of 
water,  1  vol.  of  caustic  soda  (1,26)  and  2  vol.  of  alcohol.  The 
crystallization  goes  on  very  slowly,  but  it  can  be  greatly  accel- 
erated by  adding  a  little  solid  salt. 

A  preparation,  which  had  been  twice  recrystallized,  had  the 
composition  marked  I,  while  II  is  an  analysis  of  another  prepara- 
tion, which  had  been  kept  for  more  than  a  year  in  a  glass  which 
was  not  hermetically  closed.  The  substances  were  very  care- 
fully dried  by  pressing  between  filter  paper.  Na2  O  in  I  was 
weighed  as  NaCl,  in  II  it  was  determined  by  titration  (metyl- 
orange) . 

235 


236 

Original  Communications :  Eighth  International        [vol. 

Na20 
Si02 
9H2O 

I 

21,99% 
21,28% 
56,70% 

II 

21,58% 

56,85% 

Theoretical  for  Naj 
SiOs  +  9  H2O 

21,80% 
21,20% 
57,00% 

There  is  then  no  doubt  the  salt  contains  9  H2O,  and  the  analy- 
sis II  shows  moreover,  that  it  can  be  kept  in  closed  vessels  for  a 
long  time  without  decomposing. 

A  sihcate  of  sodium  with  the  same  proportion  of  water  has 
already  been  described  by  J.  Fritzsche^,  who  prepared  it  by  "  dis- 
solving as  much  silicious  earth  in  caustic  soda,  as  the  solution 
contains  of  anhydrous  sodiumoxyd."  If  sufficiently  concentrated, 
the  solution  solidified  after  some  days  to  a  crystalline  mass.  After 
Fritzsche  nobody  seems  to  have  met  with  a  sodiumsilicate  with 
9  H2O.  And  the  salts  with  other  proportions  of  water  (5,  6,  7  and 
8  H2O),  which  are  described  in  the  literature,  are  all  of  more  or 
less  dubious  existence,  or  it  has  at  least  not  been  possible  to  estab- 
lish the  conditions  of  their  existence.  Abegg  says  upon  this  ques- 
tion in  his  Handbuch  d.  anorg.  Chemie:  "  Es  sind  eine  ganze 
Reihe  von  Hydraten  beschrieben,  aber  nicht  geniigend  sicher 
gestellt." 

Also  that  crystaUized  silicate  of  sodium,  which  recently  Jorc?tV 
has  prepared  from  waterglass  with  excess  of  caustic  soda,  seemed 
to  be  no  definite  hydrate,  for  Jordis  found  in  various  preparations 
the  proportion  of  water  varying  between  6  and  10  H2O.  Never- 
theless these  variations,  are  as  I  am  going  to  prove,  only  apparent. 
Indeed  before  I  had  become  acquainted  with  the  investigation  of 
Jordis,  I  found  that  the  above  mentioned  silicate  with  9  H2O 
could  easily  be  prepared  without  addition  of  alcohol.  One  only 
has  to  mix  one  volume  of  waterglass  (I  have  used  a  solution  with 
35,84  g  Si02  and  11,25  gNa2Oprol00  c.c.)  with  one  vol.  water  and 
two  vol.  caustic  soda  (1,26)  when,  if  a  little  of  the  salt  with  9  H2O 
is  added,  the  whole  solution  will  solidify  after  a  few  hours.  On  the 
other  hand  Jordis  has  observed,  the  solution  without  adding 

'At  the  Versamml.d.  Naturforscher  zu  Bern  1835.  See  Pogg.  Annalen,  Bd. 
43,  135  (1838). 

''Zeitschr.  anorg.  Chemie  56,  296  (1907). 
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solid  salt  will  remain  liquid  for  a  very  long  time.  After  rubbing 
in  a  mortar  the  mass  of  crystals  is  filtered  by  suction  and  re- 
crystallized  from  a  solution  containing  2  -  3%  caustic  soda.  The 
mother-liquor  can  easily  be  removed  by  suction  since  the  salt  is 
not  at  all  viscous. 

A  specimen,  which  had  been  recrystaUized  two  times,  had  the 
following  composition  (Na20  by  titration): 

III  IV  Theoretical 

NaaO  21,67%  21,80% 

9H2O  57,02%  57,01%  57,00% 

It  is  thus  very  probable  that  Jordis  had  the  same  salt  in  his 
hands,  but  he  did  not  recognize  the  real  proportion  of  water  in 
his  salts,  owing  to  the  unsatisfactory  method  he  applied  for  drying 
them  before  analysis  (viz.  over  chloride  of  calcium). 

According  to  Jordis  it  would  be  somewhat  precarious  to  deter- 
mine alkali  by  titration  in  presence  of  silicious  acid,  inasmuch  as 
the  precipitated  silicious  acid  could  absorb  alkali.  There  are, 
however,  no  obstacles  in  such  cases^  provided  that  the  solution  is 
so  diluted,  that  no  precipitation  of  silicious  acid  takes  place  during 
the  titration.  No  great  dilution  is  needed  if  the  titration  is  made 
by  1-10  normal  hydrochloric  acid. 

The  salt  Na2Si03  +  9  H2O  is  obtained,  in  the  above  mentioned 
manner,  partly  as  crusts  of  crystals,  partly  as  a  beautiful  white 
crystal  powder.  Easily  measurable  crystals  were  obtained  by 
crystallization  from  strong  caustic  soda-solution.  Mr.  N. 
Sundius,  who  measured  them  at  the  Mineralogical  Institution  of 
the  University  of  Stockholm  proved  that  they  were  orthorombic 
and  agreed  with  the  salt  of  Fritzsche,  which  was  measured  by 
Nordenskiold. 

The  salt  melts  entirely  at  about  48°  C.  although  Fritzsche  states 
40°.  The  salt  Na2Si03  +  8  H2O  of  v.  Ammov}  was  found  to  melt 
at  about  45°,  and  Jordis  had  a  salt,  melting  at  36°.  The  melted 
salt  remains  for  a  long  time  superfused,  if  there  is  no  solid  salt 
added. 


^Uber  einige  Silikate  der  Alkalien  und  Erden.    Inaugural-Dissert.  Gottingen 
1862. 
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Solubility.  The  salt  dissolves  very  easily  in  water  with 
rather  great  cooling.  Thus  the  coefficient  of  temperature  for 
solution  is  positive,  and  the  solubility  increases  notably  with  the 
temperature.  On  account  of  the  hydrolysis  I  have  examined  the 
solubility  not  in  pure  water,  but  in  caustic  soda-solution  of  about 
^  normal.  For  this  purpose  the  salt  in  excess  was  shaken  many 
hours  with  the  solution  in  a  rotatory  apparatus.  The  following 
preliminary  results,  calculated  for  100  c.c.  of  the  solution,  were 
obtained  at  17°5  C.  (see  the  following  table). 

In  order  to  observe  the  salting-out  action  of  chloride  of  sodium 
on  the  silicate,  I  examined  in  the  manner  just  mentioned  its 
solubility  both  in  dilute  solution  of  the  chloride  (about  §  normal) 
and  by  excess  of  the  two  salts.  For  100  c.c.  of  the  solutions,  the 
results  were  the  following: 

Temp.    Sp.  g        NaaO       SiOa  NaiSiOa+OHzO^  NaCl 

NaOH,  about  n/2    17°,5   1,129    6,942  g  5,419  g  25,56  g 

NaCl,  about  n/2     17°,5  1,150    7,347  g  7,172  g  33,83  g    2,297g 
NaCl  in  excess         19°      1,258    4,563  g  4,376  g  20,64  g  27,91  g 

Thus  the  salt  is  more  soluble  in  dilute  solutions  of  chloride  of 
soda,  and  less  soluble  in  concentrated  solutions  of  the  same  salt, 
than  in  ^  normal  solutions  of  caustic  soda.  The  salting-out 
action  of  chloride  of  soda,  however,  is  not  very  strong. 

Other  Hydrates  of  the  Metasilicate  of  Sodium 

NaiSiOs  +  3  H2O.  The  crystal  water  of  the  silicate  Na2SiOa 
-f-  9  H2O  is  not  lost  over  caustic  soda-solution  of  1,26  sp.  gr. 
Moreover  the  salt  can  easily  and  without  altering  its  content  of 
water  be  recrystallized  from  soda-solution  of  this  strength,  and  is 
easily  obtained  in  measurable  crystals  (as  already  noted).  A 
specimen  procured  in  this  way  had  the  following  composition : 

For  NazSiOs  +  9  H2O 
Na20  — 21,79%  21,80% 

9  H2O  —  57,28%  57,00% 


^Calculated  from  the  proportion  of  Si02. 
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This  experiment  also  proves,  that  sodium  (as  earlier  found  by 
Jordis  and  others)  has  no  tendency  to  form  orf^osilicate  in  the 
wet  way. 

The  drying  of  the  salt  Na2Si03  +  9  H2O  over  caustic  potash-lye 
of  50%  goes  on  slowly.  After  about  two  weeks  the  weight  was 
nearly  constant,  and  the  salt  had  then  lost  about  37,5%  or  nearly 
f  (i.  e.  6  H2O)  of  its  water.  The  existence  of  a  salt  with  3  H2O  is 
confirmed  by  the  behaviour  of  the  salt  with  9  H2O  being  dried 
over  concentrated  sulphuric  acid.  The  corresponding  curve 
makes  a  marked  break  when  the  proportion  of  water  remaining 
has  reached  3  H2O. 

NoiSiOs  +  6  H2O.  When  the  salt,  which  had  been  dried  over 
concentrated  sulphuric  acid,  and  then  chiefly  contained  Na2Si03 
+  3  H2O,  was  placed  over  caustic  soda  of  sp.  g.  1,26,  it  rapidly 
absorbed  water,  until  its  content  of  water  had  nearly  reached 
6  H2O,  then  more  slowly.  In  this  case,  however,  the  break  in  the 
curve  was  much  less  pronounced  than  it  was  for  Na2Si03  +  3  H2O 
dried  over  sulphuric  acid,  so  that  the  existence  of  Na2Si03  +  6  H2O 
is  less  certain  than  that  of  Na2Si03  +  3  H2O.  Likewise  Fritzsche 
found  a  crystallized  salt  with  6  H2O.  But  he  obtained  it  only 
accidentally,  so  that  he  could  not  state  its  conditions  of  existence. 

Anhydrous  NaiSiOs.  When  the  salt  with  9  H2O  is  dried  at  100°, 
6  H2O  easily  go  off;  then  the  loss  of  weight  increases  but  slowly, 
and  the  salt  is  not  obtained  fully  anhydrous,  until  strongly  heated. 
The  anhydrous  salt  does  not  melt  if  heated  in  a  platinum  cru- 
cible over  a  common  Bunsen  flame  and  only  with  some  difficulty 
over  a  M^ker  or  Teclu  burner.  Hence  this  substance  may  be  con- 
venient for  testing  the  efficacy  of  various  gas-burners.  According 
to  Kultascheff  the  metasilicate  of  sodium,  prepared  in  the  dry 
way,  melts  at  1007°. 

It  is  noteworthy,  that  the  melted  metasilicate  of  sodium  in  the 
very  moment  of  solidification  gives  off  a  quantity  of  gas,  so  that 
the  solidified  salt,  which  is  clearly  crystalline,  becomes  more  or 
less  porous. 


THE  SULPHURIC  ACID  INDUSTRY  IN  THE  UNITED 

STATES 

By  Utley  Wedge 
Ardmore,  Pa. 

To  arrive  at  a  broad  understanding  of  the  sulphuric  acid  indus- 
try in  the  United  States,  it  is  necessary  to  consider  it  in  its 
relation  to  the  great  industries  which  require  the  production  of 
sulphuric  acid. 

The  greatest  of  these  lines  of  manufacture  which  require 
sulphuric  acid,  are  as  follows,  and  opposite  each  is  noted  an 
approximation  of  the  quantity  of  sulphuric  acid  consumed  in  that 
industry.  Figures  given  are  in  terms  of  tons  of  50°  Be  sulphuric 
acid  per  annum : 

Manufacture  of  fertilizer  2,400,000  tons 

Refining  of  petroleum  products  300,000  tons 

Used  in  iron  and  steel  and  coke  industry  200,000  tons 

Manufacture  of  nitrocellulose,  nitroglycerine,  cellu- 
loid, etc.  150,000  tons 
Manufacture  of  Aluminum  sulphate  and  the  differ- 
ent alums,  sulphates  of  magnesium  and  similar 
salts,  carbon  dioxide  and  hydrogen,  sulphide  gas, 
analin  and  other  organic  dies  and  colors,  hydro- 
chloric, nitric,  hydrofluoric,  chromic,  boracic, 
acetic,  picric  and  other  acids,  ether,  glucose, 
blue  vitriol,  zinc  sulphates,  and  in  the  metallurgy 
of  copper,  gold  and  silver  and  general  chemical 
practice  200,000  tons 


Total  3,250,000  tons 

In  the  manufacture  of  phosphatic  fertilizer,  phosphate  rock  is 
treated  with  sulphuric  acid  to  render  the  phosphoric  acid  soluble. 
One  ton  of  rock  phosphate  requires  treatment  with  about  one 
ton  of  50°  Be  sulphuric  acid. 

16  241 
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In  refining  petroleum  products,  sulphuric  acid  66°  Be  and  some- 
times fuming  acid  is  used  for  the  removal  of  tarry  matter  and  to 
some  extent  sulphur  compounds.  For  example  one  thousand 
barrels  of  illuminating  oil  requires  for  its  refining  about  two  tons 
of  oil  of  vitriol. 

In  the  iron  and  steel  industry,  very  dilute  sulphuric  acid,  free 
from  arsenic,  is  used  for  cleansing  steel  plates  or  wire  preliminary 
to  galvanizing,  making  copperas  as  a  by-product;  also  the  steel 
companies  have  gone  extensively  into  the  production  of  coke  with 
by-product  coke-ovens,  one  of  the  products  of  which  is  sulphate  of 
ammonia,  which  requires  a  little  over  a  long  ton  of  50°  Be  sul- 
phuric acid  for  each  net  ton  of  sulphate  of  ammonia  produced. 

In  the  manufacture  of  nitrocellulose,  nitroglycerine,  etc., 
highly  concentrated  or  contact  sulphuric  acid  is  used  in  connec- 
tion with  strong  nitric  acid  to  absorb  water  formed  during  nitra- 
tion which  would  otherwise  interfere  with  the  chemical  action 
desired. 

In  the  manufacture  of  alum,  either  bauxite  or  while  alumina, 
are  treated  with  50°  Be  sulphuric  acid,  free  from  arsenic,  to  form 
aluminum  sulphate. 

In  the  manufacture  of  sulphate  of  ammonia,  ammonia  gas  is 
absorbed  in  scrubbing  towers  by  dilute  sulphuric  acid  or  solu- 
tions of  ammonia  are  treated  direct  with  sulphuric  acid. 

In  the  manufacture  of  blue  vitriol,  metallic  copper  is  dis- 
solved by  hot  sulphuric  acid,  very  dilute.  Dilute  sulphuric  acid 
is  also  used  to  some  extent  in  leaching  copper  ores,  concentrates  or 
slimes  for  the  recovery  of  copper  values. 

No  attempt  is  made  to  give  a  complete  category  of  the  uses  of 
sulphuric  acid,  but  enough  has  been  specified  so  that  a  reference 
to  the  industrial  map  will  show  the  distribution  of  lines  of  manu- 
facture which  require  sulphuric  acid. 

Referring  to  the  map  it  will  be  seen  that  phosphate  rock  depos- 
its are  shown  in  Florida,  Tennessee  and  South  Carolina.  There 
are  also  deposits  of  phosphate  rock  in  Utah  and  elsewhere  in  the 
Western  States  which  will  have  great  industrial  importance  as 
soon  as  the  demand  for  phosphatic  fertilizer  in  the  West  has  grown 
to  a  point  to  justify  the  erection  of  fertilizer  plants. 
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The  composition  of  commercial  fertilizer  is  usually  about  one- 
third  sulphuric  acid,  one-third  phosphate  rock  and  one-third 
other  components,  chiefly  filler,  with  varying  amounts  of  nitrog- 
enous material  and  potash  salts. 

The  location  of  fertilizer  plants  is  decided  by  the  following 
facts: 

The  phosphate  rock  has,  in  any  event,  either  acidulated  or  not 
acidulated,  to  be  transported  from  phosphate  deposit  to  agricul- 
tural district  where  it  will  be  consumed.  Filler  can  be  added  near 
the  point  where  the  fertilizer  will  be  used.  Therefore,  the  deter- 
mining factor  in  the  location  of  phosphatic  fertilizer  works  is  the 
freight  on  sulphuric  acid  or  crude  materials  from  which  it  is  man- 
ufactured. 

One  ton  of  pyrites  containing  50%  sulphur  will  produce  2.35 
tons  of  50°  Be  sulphuric  acid,  so  that  it  is  cheaper  to  transport 
iron  pyrites  than  to  transport  the  quantity  of  50"  Be  sulphuric 
acid  which  a  given  amount  of  iron  pyrites  would  produce. 

Sulphuric  acid  plants  in  connection  with  fertilizer  plants  are 
therefore  generally  located  adjacent  to  the  agricultural  district 
where  the  fertilizer  will  be  consumed  and  not  near  the  deposit  of 
phosphate  rock,  and  combined  sulphuric  acid  and  fertilizer  plants 
located  near  phosphate  rock  deposits  are  there  merely  to  supply 
agricultural  requirements  in  that  vicinity.  Combined  sulphuric 
acid  and  fertilizer  works  are  therefore  located  in  parts  of  the 
United  States  where  phosphatic  fertilizer  is  required. 

Fertilizer  is  extensively  used  in  connection  with  the  growing  of 
cotton,  and  by  reference  to  the  map,  the  Southern  States  denoted 
as  cotton  growing  states,  contain  very  numerous  sulphuric  acid 
plants. 

In  the  Northern  and  Eastern  States,  the  use  of  phosphatic 
fertilizer  is  not  nearly  so  extensive  and  a  less  number  of  combined 
sulphuric  acid  and  fertilizer  plants  supply  the  demand. 

The  consumption  of  fertilizer  other  than  in  the  Western 
States,  is  growing  so  enormously  that  a  most  unusual  business 
situation  is  developing,  and  even  in  Utah,  combined  sulphuric 
acid  and  fertilizer  plants  are  now  contemplated. 

Much  the  greater  portion  of  sulphuric  acid  produced  in  the 
United  States  is  made  from  Iron  Pyrites. 
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In  1911  Spain  supplied  815,000  net  tons  of  Pyrites 

Portugal  133,000  net  tons  of  Pyrites 
United  States  and  Canada 

about  350,000  net  tons  of  Pyrites 

Total  1,298,000  net  tons  of  Pyrites 

Of  this  amount  584,000  net  tons  was  delivered  to  plants  in  the 
South  manufacturing  sulphuric  acid  exclusively  for  the  production 
of  fertilizer  and  236,000  net  tons  was  delivered  to  plants  in  the 
North  manufacturing  sulphuric  acid  exclusively  for  the  produc- 
tion of  fertilizer. 

These  quantities  of  pyrites  would  represent  a  production  of 
sulphuric  acid  in  the  fertilizer  plants  in  the  Southern  States  of 
about  1,300,000  tons  of  50°  Be  sulphuric  acid,  to  which  should  be- 
added  275,000  tons  of  50°  Be  sulphuric  acid  produced  as  a  by- 
product by  the  copper  smelters  in  Tennessee,  practically  all  of 
which  is  consumed  in  the  manufacture  of  fertilizer  in  the  South- 
ern States. 

The  236,000  tons  of  pyrites  delivered  to  plants  in  the  Northern 
States  manufacturing  sulphuric  acid  exclusively  for  the  produc- 
tion of  fertilizer,  would  represent  529,000  tons  of  50°  Be  sulphuric 
acid. 

In  addition  to  the  above  fertilizer-acid,  considerable  quantities 
of  sulphuric  acid  are  manufactured  in  works  doing  a  general 
chemical  business  and  shipped  to  fertilizer  works  for  treatment  of 
phosphate  rock,  also  sulphuric  acid  separated  from  sludge  acid 
from  petroleum  refineries,  is  shipped  in  considerable  quantities 
to  fertilizer  works,  bringing  the  consumption  of  sulphuric  acid 
in  the  fertilizer  business  up  to  the  total  figures  given  above. 

In  the  petroleum  industry  the  consumption  of  sulphuric  acid 
has  increased  slowly  for  some  years,  for  the  reason  that  the  oil 
refiners  have  learned  to  economize  in  sulphuric  acid  and  have 
decreased  the  quantity  used  per  barrel  in  refining  to  largely  offset 
the  large  increase  in  the  production  of  petroleum  products.  For 
example,  previous  to  1888  in  many  oil  refineries  sulphuric  acid 
was  mixed  and  stirred  with  distillate  only  once,  being  then  at 
once  diluted  and  separated  from  the  combined  tarry  matter  and 
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again  concentrated  to  66°  Be  before  using  again  in  the  oil  refining 
process.  In  1890  the  practice  came  into  general  use  of  using  sul- 
phuric acid  a  second  time,  taking  the  acid  from  a  previous  treat- 
ment of  distillate  and  using  the  partially  exhausted  acid  on  a 
second  batch  of  distillate  before  separating  and  concentrating. 
This  materially  reduced  the  consumption  of  fresh  acid.  Again, 
about  the  year  1896,  the  use  of  fullers  earth  was  introduced  in  oil 
refining  practice.  Tarry  matter  was  removed  from  distillate  by 
agitation  with  fullers  earth  and  a  decreased  amount  of  work 
remained  to  be  done  by  sulphuric  acid  treatment.  These  two 
improvements  made  a  material  reduction  in  the  use  of  sulphuric 
acid  in  oil  refining.  Subsequent  improvements  in  method  and 
practice  in  recovering  sulphuric  acid  from  sludge  or  spent  acid 
have  further  reduced  the  net  consumption  of  fresh  sulphuric  acid 
by  the  petroleum  industry. 

The  location  of  acid  plants  supplying  oil  refineries  is  quite 
uniformly  adjacent  to  the  oil  refineries  on  account  of  the  trans- 
portation problem. 

Transportation  of  crude  oil  by  pipe  line  is  so  much  cheaper  than 
the  transportation  of  refined  products  by  rail,  that  oil  refineries 
under  conditions  in  the  United  States  are  located  with  reference  to 
transportation  and  distribution  of  the  refined  product  and  seldom 
adjacent  to  oil  producing  fields,  except  only  to  supply  the  demand 
for  the  finished  product  in  the  radius  of  economic  shipment  from 
the  oil  fields.  The  great  oil  refineries  are  therefore  chiefly  located 
where  there  is  both  rail  and  water  transportation.  The  map 
shows  oil  fields  in  Pennsylvania,  Ohio,  Indiana,  West  Virginia, 
Indian  Territory,  Texas,  California  and  some  other  states.  The 
large  oil  refineries,  however,  are  located  along  the  Atlantic  sea- 
board on  the  water  front  near  New  York  harbor,  Philadelphia 
and  Baltimore;  along  the  Great  Lakes  at  Buffalo,  Cleveland  and 
near  Chicago ;  on  the  Pacific  Coast  on  San  Francisco  Bay.  Minor 
oil  refineries  are  located  near  the  oil  fields.  In  every  case  sul- 
phuric acid  plants  are  located  near  the  oil  refineries.  The  group 
near  New  York  are  supplied  from  a  large  chamber-process  sul- 
phuric acid  plant  on  New  York  harbor,  operated  by  the  petroleum 
refining  interest,  with  an  output  of  about  60,000  tons  of  oil  of 
vitriol  per  annum.    Oil  refineries  at  Philadelphia  and  Baltimore 
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are  supplied  with  oil  of  vitriol  from  a  sulphuric  acid  plant  at 
Philadelphia  delivering  about  40,000  tons  of  oil  of  vitriol  per 
annum.  The  California  crude  oil  requires  treatment  in  part  with 
an  acid  stronger  than  oir  of  vitriol,  which  is  supplied  from  an 
oxide-of-iron-contact  plant  at  the  oil  refinery,  on  San  Francisco 
Bay. 

One  small  oil  refinery  adjacent  to  the  Texas  oil  fields  burns 
brimstone  from  the  Louisiana  sulphur  deposit. 

In  many  cases,  the  oil  refineries  or  chemical  companies  supply- 
ing them  with  sulphuric  acid  are  equipped  with  appliances  for 
separating  sulphuric  acid  from  the  tarry  matter  taken  up  in  the 
treat  nent  of  petroleum  distillates  and  the  separated  acid  of  35° 
Be  to  50°  Be  is  then  again  concentrated  to  66°  Be  for  further  use. 
This  repeated  restoring  of  the  spent  acid  greatly  diminishes  the 
amount  of  fresh  sulphuric  acid  required  by  the  petroleum  indus- 
try and  brings  their  net  requirements  down  to  the  figure  given 
above. 

Mention  should  also  be  made  of  a  practice  by  the  petroleum 
refiners  to  a  very  limited  extent  of  manufacturing  sulphuric  acid 
from  sulphuretted  hydrogen  and  sulphur  dioxide  fumes  given  off 
during  the  distillation  of  petroleums  high  in  sulphur  contents. 
In  general,  it  may  be  said  that  the  fresh  sulphuric  acid  consump- 
tion by  the  petroleum  refining  companies  represents  chiefly  the 
actual  decomposition  of  a  percentage  of  the  sulphuric  acid  used 
by  reduction  to  SO2  by  the  carbon  in  the  oil  treated,  plus  deliv- 
eries of  separated  sulphuric  acid  50°  Be  gravity  to  fertilizer  plants. 
In  addition  to  the  mechanical  loss  in  use,  there  is  actual  decom- 
position to  SO2  during  treatment,  especially  of  heavy  oils,  and 
also  the  decomposition  is  considerable  in  the  process  of  separating 
and  reconcentrating  the  sulphuric  acid. 

Counting  the  repeated  use  of  sulphuric  acid  by  the  petroleum 
industry,  their  actual  use  of  oil  of  vitriol  would  be  about  334,000 
tons  per  annum,  representing  500,000  tons  of  50°  Be  equivalent. 

The  iron  and  steel  industry  uses  such  considerable  amounts  of 
sulphuric  acid  that  a  tendency  is  developing  for  steel  companies 
to  erect  and  operate  separate  sulphuric  acid  plants.  The  manu- 
facture of  sulphate  of  ammonia  from  by-product  coke-ovens  has 
been  taken  up  by  the  steel  companies. 
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A  coke  plant  consuming  2000  tons  of  coal  per  day  would 
produce  from  14  to  30  tons  of  sulphate  of  ammonia  daily,  accord- 
ing to  the  nitrogen  content  of  the  coal  used.  Therefore,  each 
2000  tons  of  coal,  high  in  nitrogen,  converted  into  coke  daily, 
would  call  for  a  sulphuric  acid  production  of  10,000  tons  of  50° 
Be  sulphuric  acid  per  annum. 

The  location  of  sulphuric  acid  plants  to  supply  this  demand 
has  so  far  been  adjacent  to  the  steel  plants  in  Pennsylvania, 
Indiana,  Michigan  and  Alabama. 

By-product  coke-ovens  are  now  constructing  or  under  consid- 
eration which  will  require  100,000  to  150,000  tons  of  50°  Be 
sulphuric  acid  per  annum,  in  addition  to  the  figure  shown  above. 
This  development  has  so  far  been  chiefly  in  connection  with  the 
iron  and  steel  industry. 

One  of  the  sulphuric  acid  plants  operated  by  one  of  the  steel 
companies  burns  brimstone  from  Louisiana;  the  others  burn 
pyrites.  All  so  far  constructed,  have  been  chamber-plants, 
although  one  by-product  plant  now  constructing  has  contracted 
for  its  supply  of  sulphuric  acid  from  a  concern  producing  contact 
acid. 

In  the  manufacture  of  nitrocellulose,  nitroglycerine  and  similar 
products,  the  chamber-process  has  been  practically  eliminated 
by  the  contact  process.  Contact  processes  have  been  installed 
wherever  these  explosives  are  manufactured.  Several  iron-oxide 
contact  plants  have  been  erected  for  this  purpose  as  well  as  other 
contact  systems. 

In  the  general  chemical  industry,  the  various  platinum  and 
iron  contact  systems  have  made  considerable  progress,  more 
especially  where  the  demand  is  for  sulphuric  acid  approaching 
the  composition  of  the  monohydrate. 

Out  of  a  total  production  of  sulphuric  acid  in  the  United  States 
of  3,250,000  net  tons  per  annum,  approximately  ten  per  cent. 
(10%)  is  contact  acid  made  either  by  the  iron-oxide  contact  or 
by  the  platinum  contact  systems. 

Of  the  Spanish  pyrites  imported  during  1911,  namely  815,000 
tons,  37%  was  copper  bearing  pyrites,  of  which  about  200,000 
tons  were  chloridized  and  leached  for  the  recovery  of  copper 
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values,  after  burning  off  the  sulphur  for  the  manufacture  of 
sulphuric  acid. 

Of  the  646,000  tons  of  iron  pyrites  imported  during  1911  con- 
taining no  copper  values,  about  230,000  tons  was  washed  fines 
from  which  copper  had  been  leached  in  Spain  or  Portugal  before 
shipment  to  this  country. 

The  practice  of  nodulizing  cinder  from  pyrites  burners  has 
become  general  in  all  localities  where  there  is  a  market  for  the 
nodulized  cinder  as  iron  ore.  The  iron  industry  of  Pennsylvania 
furnishes  a  good  market.  In  Alabama  the  iron  manufacturers 
have  not  as  yet  offered  prices  for  low  phosphorus  nodulized  cinder 
such  as  to  make  profitable  the  installation  of  nodulizing  kilns 
and  there  is  in  the  South  the  accumulated  cinder  from  years  of 
sulphuric  acid  manufacture,  waiting  for  prices  which  will  make 
its  utilization  profitable. 

An  analysis  of  the  source  of  sulphuric  acid  manufactured  in  the 
United  States  during  1911  would  show  as  follows,  figures  given 
being  expressed  in  terms  of  50°  Be  sulphuric  acid : 
Manufactured  from  pyrites  2,665,000  tons 

Manufactured  from  blast  furnaces,  smelting  cop- 
per sulphide  ores  275,000  tons 
Manufactured  from  zinc  sulphide  ores  285,000  tons 
Manufactured  from  brimstone  25,000  tons 


Total  3,250,000  tons 


COMBINATION  OF  THE  CONTACT  PROCESS  WITH  THE 

ORDINARY  LEAD  CHAMBER  OR  TOWER  SYSTEMS; 

AN  IMPROVEMENT  IN  THE  MANUFACTURE 

OF  SULPHURIC  ACID'i 

By  William  Wilke 

Buffalo,  N,  Y. 

Since  the  introduction  of  the  Contact  System  as  a  practical 
method  for  making  Sulphuric  Acid,  it  has  been  usually  regarded 
as  simply  a  competitor  of  the  older  chamber  or  tower  systems. 
It  may  be  of  interest  to  bring  before  you  a  system  in  which  the 
Contact  function  is  combined  with  the  chamber  system,  giving  a 
successful  working  method  that  shows  economies  and  advantages 
not  generally  appreciated  but  very  worthy  of  attention. 

Some  time  ago  I  was  called  upon  to  construct  a  Chemical 
Works  which  should  be  thoroughly  equipped  for  the  manufacture 
of  Mineral- Acids — the  main  problem  involved  being  the  con- 
struction of  a  plant  wherein  Sulphuric  Acid  of  the  various  com- 
mercial grades  and  concentrations  could  be  manufactured  in  the 
most  economical  way.  My  clients  had  already  an  installation  of 
the  Contact  Process  licensed  under  U.  S.  Patents  of  the  Verein 
Chemischer  Fabriken  in  Mannheim,  for  the  production  of  Strong 
Acid,  and  the  question  arose  whether  we  could  economically  and 
profitably  reduce  this  highly  concentrated  acid  to  lower  strengths. 

In  calculating  the  cost  we  have  to  take  into  consideration  the 
License-Fee  and  other  fixed  charges,  and  it  was  found  in  the  end 
that  it  was  impossible  to  do  this.  There  was  however  a  market 
for  Chamber  Acid;  consequently  it  was  thought  possible  to  com- 
bine the  Contact  Process  with  the  Chamber  Process  and  attain 
the  end  in  view. 

As  a  result  of  the  study  of  conditions,  a  plant  was  designed  as 
shown  in  the  illustration.  In  order  to  be  independent  of  the  con- 
stant variations  in  the  Pyrites  Market  and  the  possible  scarcity 
of  Pyrite  Fines,  the  plant  was  so  designed  that  Lump  Ore  as  well 
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as  Fines  could  be  roasted,  the  burning  capacity  finally  adopted 
being  24,000  lbs.  Fines  and  36,000  Lump  Ore.  Thirty-six  lump 
burners  were  installed,  each  able  to  handle  from  900  to  1200  lbs. 
ore  daily,  and  four  standard  Herreshoff  fines  burners. 
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The  gases  from  the  fines  burners  were  conducted  into  a  flue 
situated  above  the  flue  of  the  lump  burners  and  provided  with 
a  number  of  baffle  walls  to  catch  some  of  the  dust.  The  gases  of 
the  lump  burners  and  fines  burners  were  united  and  conducted 
into  the  pateted  Iron-Oxide-Contact-Shaft,  similar  to  the  Con- 
tact Process  chamber  of  the  Verein  Chemischer  Fabriken.  In 
order  to  regulate  the  draft  on  the  fines  burners,  a  separate  Ex- 
haust Fan  was  installed  to  draw  the  gases  from  the  fines  burners 
and  deliver  them  into  the  flue  over  the  lump  burners.  A  second 
Exhaust  Fan  was  installed  between  the  Iron-Oxide-Contact- 
Shaft  and  the  Glover  Tower,  which  took  the  Sulphurous  Gases 
after  they  had  undergone  conversion,  to  the  extent  of  30%,  into 
SO3  by  the  Iron-Oxide-Contact-Shaft  and  forced  them  through 
the  Glover  Tower  into  the  Chamber  System. 

The  combination  of  the  two  very  distinct  processes  into  one 
system  gave  most  excellent  results.    It  was  found  that: 
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1.  The  capacity  of  the  chamber  plant  was  increased  at  least 
30%. 

2.  That  the  Conversion  of  SO2  to  SO3  in  the  Iron-Oxide-Con- 
tact-Shaft averaged  about  30%. 

3.  That  at  the  same  time  the  acid  produced  in  the  Glover  tower 
was  water-white, 

4.  That  95%  of  the  Arsenic  carried  by  the  gases  leaving  the 
roasters  and  flues  was  eliminated  by  means  of  the  Iron 
Oxide, 

and  finally  it  was  proved 

5.  That  the  total  production  of  the  Chamber  System  could 
easily  be  concentrated  to  60°  Baume  or  higher  in  the  Glover 
tower. 

Such  satisfactory  results  are  all  attributable  to  the  introduc- 
tion of  the  Iron-Oxide-Contact-Shaft  between  the  burners  and 
the  Glover  tower;  in  other  words,  to  the  suitable^combination  of 
the  Contact  and  the  Lead  Chamber  Processes. 

The  Iron-Oxide-Contact-Shaft  retards  the  dust  and  is  the  best 
known  means  of  keeping  dust  from  getting  into  the  Chamber 
System;  it  is  an  accumulator  of  heat  and  acts  as  an  equalizer 
on  any  system,  such  as  that  described,  enabling  the  operator  of 
the  plant  to  carry  out  the  process  more  imiformly;  it  saves  30%  of 
the  Nitre  consumed  in  the  ordinary  plant,  on  account  of  the  con- 
version by  the  Catalytic  Action. 

Since  constructing  the  above  described  plant,  the  Iron-Oxide- 
Contact-Shaft  has  been  introduced  in  other  existing  Chamber 
plants  with  equally  good  results. 


(Abstract) 

THE  EFFECT  OF  "  LIME-SULPHUR  SPRAY 
MANUFACTURE"  ON  THE  EYE  SIGHT 

By  James  R.  Withrow 

Ohio  State  University,  Columbus,  Ohio 

Attention  is  called  to  some  manufacturing  experiences  with 
Lime-Sulphur  Spray  manufacture.  Articles  discussing  lime- 
sulphur  preparation  from  lime,  sulphur  and  water,  do  not  men- 
tion any  discomforts  arising.  This  was  probably  because  of  the 
small  scale  on  which  most  of  the  work  was  done.  The  author 
found  no  trouble  on  a  small  scale.  On  the  factory  scale,  however, 
the  eyesight  was  temporarily  and  sometimes  painfully  affected, 
when  thorough  ventilation  during  boiling,  was  not  maintained. 
A  polysulphide  of  hydrogen  is  suggested  as  the  cause  of  the  effect 
on  the  eyes.  The  remedy  for  the  condition  during  manufacture 
was  found  to  be  hood-covered  boiling  tanks,  and  ample  ventila- 
tion at  all  times. 
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